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During passage through the skin of 
the vertebrate host, the infective larvae 
of Schistosoma mansoni, Strongyloides 
ratti and certain other helminths alter 
the polysaccharide-containing protein 
of the basement membrane and ground 
substance of the dermis. These altera 
tions of host glycoprotein have been re 
vealed by histochemical methods and 
are attributed to enzymatic activity of 
the secretions of the infective larvae. 
Furthermore, qualitative studies of the 
the skin 


penetrating larvae show that there is a 


secretions and extracts . of 
correlation between the presence of a 
collagenase-like enzymatic activity and 
the ability to cause changes in the host 
The study 
continuation of the investigation of the 


helminth 


glycoprotein. resent is a 
Ss 


enzymes of 


in 
order to characterize their activity more 


these larvae 
fully and to investigate the effects of 


various these 


substances on enzyme 
systems. This has been done in part by 
comparision with the activities of bac- 
from toxin of Clos 


tridium welchii type A and with those of 


terial collagenase 


trypsin, using quantitative methods and 
a variety The 
include the determination of dye release 
from the 


collagen 


of substrates. methods 


azo dye-coupled collagens, 


hydroxyproline release from 


substrates and the tyrosine release from 


a hemoglobin substrate. In addition, 
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where warranted, in vivo tests have 


been performed to determine whether in 
vitro enzyme inhibitors affect penetra- 
tion of the skin by the living larvae. 


MATERIALS AND TECHNIQUES 


extracts 


Saline ol ol 


mansoni and of filariform larvae of 


cercariae Schistosoma 
trong yloides 
ratti, Clostridium welchu toxin,* and crystalline 
trypsint were compared in most of the experi 
ments. Living larvae of both helminths as well 
as living larvae and extracts of larvae of Ancylo 
stoma caninum, and Nippostrongylus muris were 


Che 


cedures used in the concentration of the 


also compared in a similar manner pro 
nema 
tode filariform larvae and in preparing extracts 
have been reported previously.’ Since large num 
bers of cercariae of mansoni were required, 
efficient methods of maintenance of this infection 
in the laboratory were devised and are presented 


lo 


were 


in an accompanying report.’ remove any 


suspended debris, cercarias decanted 


through a 100 mesh screen into one liter pharma 
These 


were concentrated by chilling at 5 C for 2 to 16 


ceutical graduates. cercarial suspensions 


hours. The subsequent washing, lyophilization, 
ol 


used for nematode 


and preparation extracts were identical to 


those larvae.’ In some cases 
the residue from the first extraction was extracted 


a second time by 


homogenizing in saline and 


stored overnight at 5 C, The activity of the 


sot 
ond extract was usually less than 50% that of the 
first but was high enough to be used without fur 


ther concentration 


* We are indebted to Dr. William Burrows 
this preparation, a lyophilized toxin containing 
approximately 90% by weight lactose and lack 


ing in theta toxin 

t Worthington Biochemical Corp 
lized. 
1. Lewert, R. M. and Lee, C. L. 1954, Studies on 


the passage of helminth larvae through host 


, 2% crystal 


tissues. I, Histochemical studies on extracel 


lular changes caused by 


penetrating larvae 


Enzymatic activity of larvae in vitro and 
in vivo. J. Infect. Dis. 95: 13-51. 

. Lee, C. L. and Lewert, R. M. 1956, The main 
tenance of Schistosoma mansoni in the labora 


tory. J. Infect. Dis. 99: 15-20, 
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The dry weight of larvae was computed after 
lyophilizing at —30 C in the presence of phos- 
phorus pentoxide in vacuum. Each milligram 
thus prepared contained approximately 12,500 
S. mansoni, 40,000 S. ratti, 17,000 N. muris, or 
2,500 A. caninum larvae. 

The substrates used included hide powder, beef 
tracheal cartilage, native bovine collagen,* and 
hemoglobin. Azocollagen (azocoll) and azocartil- 
age were prepared from the first two substances 
using the technique described by Oakley et al,* 
the only modification being the subdivision of the 
resulting colored substrate by grinding in anhy- 
drous acetone in a ball mill for 72 hours. After 
drying only the material passing an 80-mesh 
screen was used. 

The release to solution of the azo dye from the 
coupled substrates was determined quantita- 
tively. Optimal conditions for the system were 
determined using various buffers, salt concentra- 
tions, amounts of enzyme, etc. as described in re- 
sults. With the exception of a few specially de- 
signed experiments, tests were conducted as fol- 
lows: 5 mg of substrate were incubated with an 
aliquot of enzyme in a 10X75 mm pyrex tube at 
37 C for 120 minutes. A total volume of 1 ml buf- 
fered with 0.1 M phosphate at pH 7.4 was used 
unless otherwise indicated. Tests were run in 
triplicate or quadruplicate depending on the 
amount of helminth extract available. Tubes were 
tightly stoppered, fixed to the horizontal table of 
a rocking apparatus and the mixture gently 
rocked 12 times per minute throughout the incu- 
bation period. After incubation all tubes were 
inactivated by heating at 60 C for 10 minutes 
and centrifuged. In a few of the earlier experi- 
ments in this series (results, fig. 1 and fig. 4), dye 
release was a Klett-Summerson 
colorimeter. In all other experiments 0.5 ml of 
the supernatant from each tube was transferred 
to a silica micro cell and the optical density was 
read at 540 my with a Beckman spectrophotom- 
eter 


measured in 


Under the conditions described, saline ex- 
tracts from 0.2 mg of S. mansoni cercariae, 0.5 
mg of S. ratti larvae, 0.25 mg of Cl. welchii toxin 
or 0,0001 mg of trypsin resulted in approximately 


equivalent dye-release from azocoll and were 


* Kindly supplied by Dr. A. Veis, Armour Re- 
search Laboratories, see Veis and Cohen.’ 

3, Veis, A. and Cohen, J. 1954, The degradation 
of collagen. A method for the characterizaticn 
of native collagen. J. Am. Chem. Soc. 76: 
2476-2478. 

. Oakley, C. L., Warrack, G. H. and VanHeyn- 
ingen, W. E. 1946, The collagenase (« toxin) 
of Cl. welchii type A. J. Path. & Bact. 58: 
229-253. 


used in most of the experiments. As might be ex- 
pected, helminth extracts prepared at different 
times varied slightly in their activity. This de- 
pended in part on original dry weight per unit 
volume of extracting solution and in part on the 
length of time and how the material was stored. 
For example, the activity of the extract of S 
raiti decreased with the length of time larvae 
were stored at —30C before lyophilization. The 
activity of lyophilized larvae, cercariae, and 
toxin did not decrease when stored in a dessicator 
30 C for 
more than a year without appreciable loss of ac- 
tivity. To eliminate the possibility of activity due 
to the presence of contaminating bacteria, the 
activity of Seitz filtered extracts and extracts 
containing 


at 4 C and extracts were stored at - 


penicillin and streptomycin were 
tested. No activity attributable to bacterial con- 
taminants was found in the systems tested 

Various ions, usually as sulfates and selected 
from substances known to have activating or 
inhibiting effects on various enzyme systems, 
were added to the system in trace amounts or in 
concentrations up to 10°? M. These included 
As***, Cat?, Co*?, Cu**, CN, Fet*+, Fet*, 
Mg**, Mn**, Hg*t*, Ni**, Pb*t*, and Zn**. 
Other substances such as chelating agents, sulfhy- 
dryl-containing or S-H-binding agents, oxidiz- 
ing and reducing agents were tested in a similar 
manner at concentrations indicated in the re- 
sults. These included the disodium salt of ethyl- 
enediamine tetra-acetic acid (EDTA), N-ethyl 
malemide (NEM), sodium iodoacetate, |-cys- 
teine HCl, ascorbic acid, dehydroascorbic acid, 
benzoquinone, alkaline and hydro- 
quinone. The trypsin inhibitors, ovomucoid and 
soy bean trypsin inhibitor, were utilized in a num- 
ber of experiments, In each instance the system 
was buffered as described above. The results are 
for convenience expressed as per cent dye release, 
as compared to that released in the standard en- 
zyme or helminth extract plus substrate. A figure 
greater or less than 100% represents activation 
or inhibition of the system, respectively. 


quinone 


Hydroxyproline determinations were made us- 
ing the technique of Neuman and Logan® on 
10 to 30 mg of washed substrate. The tests were 
carried out by incubating the substrate with 
enzyme at 37 C for 20 or 46 hours with continu- 
ous agitation in 0.1 M phosphate buffer at pH 7.0 
with a volume of 1 ml per 10 mg of substrate. 
One mg of streptomycin and 500 units of penicil- 
lin per ml were included in each tube. After incu- 


5. Neuman, R. E. and Logan, M. A. 
determination of hydroxyproline 
Chem, 184: 299-306. 


1950, The 
J. Biol. 
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bation the tubes were centrifuged at 2000 RCF 
for 5 minutes and samples of the supernatant and 
of the precipitate were subjected to hydrolysis 
with 1 ml of 6 N HCl at 125 C and 15 lbs 
$ hours 
did not increase the release of hydroxyproline. The 
hydrolysates were neutralized with 2.5 N NaOH. 


Hydroxyproline determinations were then made 


pres 


sure for Longer periods of hydrolysis 


on 1 ml of the original supernatant, neutralized 


hydrolyzed supernatant, and neutralized hy- 


drolyzed precipitate. Hydroxyproline controls 
were prepared as were the usual buffer controls 
The effects of EDTA, NEM, cysteine, and ovo- 
mucoid on this system were also studied. 

Hemoglobin digestion was measured as tyro- 
sine released using a modified Anson technique* 
in which the test was run at one tenth the stand- 
ard volume to conserve the helminth extracts 
and increase the sensitivity. 

Iwo methods were used to test the effect en 
zyme inhibitors might have on the skin-pene- 
trating ability of the helminth larvae. First, rats 
approximately 150 g in weight were anaesthetized 
with nembutal and their abdominal skin shaved 
and washed. Four layers of surgical gauze 1.5 cm 
square were applied to the areas to be tested. The 
rats were then injected intravenously with 1.5 ml 
of a 1% solution of Evans blue in saline and equal 
numbers of larvae in suspending solution were ap- 
plied to each gauze square. The inhibitor or sub 
stance to be tested was added to the cercarial or 


larval suspension immediately prior to adding 


6 Northrop, J 
R.M 


bia University 


H., Kunitz, M. and Herriott, 
1948, Crystalline Enzymes, ed. 2, Colum 


Press 


scale div 


them to the gauze square. At the end of 15 min- 
utes the gauze was removed and the blue spots 
in the exposed areas counted and compared with 
the control area. Reduction in number or absence 
of the blue spots indicated inhibition of penetra- 
tion, Secondly, mice were exposed by tail immer- 
sion to 150 cercariae of S. mansoni which were 
suspended in water or in a solution of the inhibitor 
being tested. The number of adult worms present 
was counted 6 weeks later when they could readily 


be recovered by perfusion techniques. 


RESULTS 

Activity relative to number and dry 
weight of larvae.—We have reported 
previously that living cercariae of S. 
mansoni or living filariform larvae of S. 
ratta when incubated with azocoll cause 
dye to be released from this substrate.! 
In the present quantitative study, when 
increasing increments of living larvae of 
each of the 


propor- 


these spec ies are used 


amount of dye released was 
tionately increased as is shown in figure 
1. Cercariae of S. mansoni in increasing 
amounts up to 8000 per ml, increasing 
amounts of Cl. welchit toxin, and larvae 
of S. ratti up to 80,000 per ml resulted 


in dye release that is plotted essentially 


as a straight line. The decrease in the 
readings of the S. ratli series at 90,000 
to 100,000 per ml is accounted for by 


; 


sion represents Ul 


; 
10° Smansoni cercariag or 


Fic, 1 
buffer at pH 7.0, incubated 4 hours at 37 C 


06 0 


Activity of living larvae on azocoll substrate. Five mg azocol| in 1 ml M/10 phosphate 
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O04 


eight of lar 


. 


Fic, 2 


Activity of saline extracts 


O© O07 08 
va¢ or foxin in mg 


of helminth larvae on azocoll. Five mg azocoll in 1 ml M/10 


phosphate buffer at pH 7.4, incubated 2 hours at 37 C, 
* 0.1 mg of S. mansoni represents the dry weight of approximately 1250 cercariae. 
0.1 mg of S. ratti represents the dry weight of approximately 4000 filariform larvae 


the death of numbers of the 


larvae in the system early in the incuba- 


large 


tion period. Similarly, increasing 
amounts of extracts of these larvae, 
measured as dry weight before extrac- 
tion, also released dye from the sub- 
strate in direct relation to the amount 
present (fig. 2). 

Activity relative to duration of incuba- 
tion. With of living 


larvae or with large amounts of extract, 


large numbers 


dye release from 5 mg of azocoll in a 


w- 


= 
Optical density Beckman $40 mm) 


my 
" 


°S mansoni 


total volume of 1 ml was perceptible to 
the eye in 15 minutes or less. With a 
small amount of extract of S. mansoni 
(0.1 mg) or a similar amount of bac- 
terial toxin, dye release increased in a 
linear fashion with time of incubation. 
If larger amounts of each were used, the 
slope of this line was greatly increased 
with most of the dye being released from 
the substrate 12 The 
amount released in a definite period was 
of affected 


within hours. 


course by the degree of 


2mg pti T4 


7 Clwelchii 02 mg ptt 74 


4 
incubation time in hours 


Fic, 3 
to the 


Activity of extract of cercariae of S. mansoni on azocoll with increasing time as compared 
activity of Cl. welchii toxin. Five mg azocoll in 1 ml of M/10 phosphate buffer at 37 C. 
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labeling of the azocoll as well as by the 
pH and the activity of the individual 
batch of larval extract. The results of 
one such experiment are shown in 
figure 3. In all later experiments dealing 
with the 


amount of extract, toxin, or trypsin was 


inhibition or activation, 
so adjusted that at 2 hours incubation 
at 37 C an optical density of 0.5 to 0.6 
resulted after subtracting the buffer 
control. 
The helminth ex- 
tracts as well as Cl. welchii toxin and 
trypsin were heat sensitive with 50% of 
the activity of S. mansoni extract, 80% 
of the activity of S. ratti extract, 60% 
of the tryptic activity, and 95% of the 
activity of the Cl. welcht toxin on the 
azocoll destroyed by heating to 56 C 
for 30 minutes. Heating at 60 C for 10 
90-100% of the 
activity of all four preparations. 

Effect of buffer.—The effect of pH on 
activity in M/10 phosphate buffer was 
determined in a number of experiments, 


Heat sensitivity. 


minutes destroyed 


one of which is illustrated in figure 4. 
The optimal activity of the extract of 
cercariae of S. mansoni was near pH 
7.5, of S. ratti extract near pH 7.0, while 
the Cl. welchiu uni- 


toxin was almost 


Klett-Summersorn) 


ptical density 


Fic. 4 
fer, incubated 2 hours at 37 C. 


formly active against azocoll over the 
range of pH 6.0 to 7.5. Extracts of two 
other skin-penetrating larvae were also 
tested at varying pH. Equivocal results 
had been obtained previously with ex- 
the larvae of 
Ancylostoma caninum and some activity 


tracts of filariform 
was demonstrated by living larvae of this 
species.' No activity could be found at 
this time over the pH range tested nor 
the 
Nippostrongylus 
shown on 


was any found in extracts of 


filariform larvae of 


murs. not this 


Trypsin, 
figure, exhibited its expected activity 
with a pH 7.4 in this 


system. Phosphate buffer at less than 


maximum at 


M/10 final concentration in the system 
at 2 hours incubation gave progressively 
lower dye release as the molarity was 
M/50 buffer giving 


decreased, with 


approximately 50% that of the M/10. 
Buffers other than the Sorenson phos- 


phate buffer were tested and included 
Michaelis’ veronal, MclIlvaine-Lillie cit- 
ric acid, glycyl glycine, and Gomori's 
trihydroxy-methyl amino methane. All 
were less satisfactory than the phos- 
phate buffer with glycyl glycine buffer 
being least After 


desalter for 5 to 15 


satisfactory. desalt 


ing in an electric 


cl 
a Welch 


he effect of pH on dye release from azocoll. Five mg azocoll in 1 ml 4/10 phosphate buf- 





Ropert M. LEwert AND CHANG-LING LEE 


minutes, all enzyme preparations were 
inactivated with a recovery of only the 
Cl. welchit toxin to 70% of former activ- 
ity when buffer was replaced. During 
desalting, some foaming was noted in 
all preparations. 

Effect of trypsin inhibitors —I\n the 
presence of sufficient ovomucoid or soy 
bean trypsin inhibitor to completely 
inhibit the amount of trypsin releasing 
equivalent amounts of dye, no inhibi- 
tion of S. mansoni or S. ratti extract or 
Cl. welchii toxin resulted. The ability of 
10-* mg of trypsin to release dye from 
the substrate was 90% inhibited by 
10~* mg of ovomucoid and completely 
inhibited by 10-* mg of ovomucoid or 
10~* mg of soy bean trypsin inhibitor. 
Neither of 
present 


when 
in as much as 100 times this 
concentration had any inhibitory effect 
on extracts of S. mansoni, S. ratti, or Cl. 
welchii toxin, and in fact, uniformly 
slightly activated each. 

Effect of various ions.—The effects of 
various ions at a concentration of 10-*M 
on the helminth extracts and enzymes 
tested are summarized by table 1. Their 


these substances 


effects appear somewhat*erratic but re- 
veal certain points of similarity and 
difference in the substances tested. The 
metals Cot*, Cut*, and Hg** inhibited 
all four the enzyme preparations, 
with the extract of S. mansoni exhibit- 
ing to the Cut? 
than the other substances. The ions of 
Ast+*+, Cat*, and Mg** activated each 
enzyme to varying extent. A similarity 
the 


of 


ing more sensitivity ion 


between S. mansoni extract and 


TABLE 1 


Buffer As*** Cat 
Cl, welehii 
toxin 

S. raitt 
extract 

S. mansont 
extract 

Trypsin 


100 105 145 


100 129 145 
119 
142 


100 
100 


142 75 43 


128 66 62 147 


5 mg azocoll 
*10+M 


trypsin is noted in the fact that both 
were partially inhibited by Zn** while 
the remaining substances tested were 
essentially unaffected. These two and 
the S. ratti extract were also inhibited by 
divalent iron. It is interesting to note 
that only the S. ratti extract was in- 
hibited by the presence of Ni** and that 
only the S. mansoni extract exhibited 
inhibition in the presence of CN 

The effects of S-H-containing com- 
pounds and S-H-binding substances. 
Preliminary studies indicated that the 
enzymes released by the living larvae of 
S. mansoni and S. ratti, as well as the 
toxin of Cl. welchii, were strongly in- 
hibited by the presence of small amounts 
of S-H-containing compounds such as 
cysteine, glutathione and BAL. Tryp- 
sin activity reduced. These 
preliminary results were followed by a 
quantitative study of the effect of 
cysteine on the ability of helminth ex- 
tracts, toxin, 


was not 


and trypsin to release 
dye from the azocoll substrate. From 


the results presented in table 2, it is 
seen that the extract of S. ratti closely 
resembled the Cl. welchii toxin in being 
inhibited by the concentration of cys- 
used the extracts of S. 


mansoni and trypsin were not inhibited. 


teine while 


The cysteine inhibition was abolished 


by the presence of less than equimolar 


parts of Zn**, and inhibition was de- 
creased in the presence of the sulfhydry! 
binding NEM. Iron-cysteine combina- 
tions had no activating effect on the 
various and tested 


enzymes extracts 


The Zn** inhibition of S. mansoni and 


Effect of various ions* on dye release from azocoll 


Fet++ Fet* ppt Me** Mnt? 


105 97 116 117 


122 66 89 104 123 


95 76 101 


132 
135 71 103 121 


1 ml M/10 phosphate buffer pH 7.4 incubated 2 hours at 37 C, 
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TABLE 2.—Effect of cysteine on dye release from azocoll 


Cysteine NEM* Zn** Fe*** 
Buffer 
2x107*M 107M 107*M 10*M 2xK10*M 10° M 10%M 
al (2) ; 4 (5) 


Cl. welchii 

toxin 100 49 35 109 24 113 
S. rattt 

extract 100 6 4 35 107 110 122 
5S. mansont 

extract 100 93 99 103 105 16 

Trypsin 100 103 108 100 92 94 


5 mg azocoll in 1 ml M/10 phosphate buffer pH 7.4 incubated 2 hours at 37 C 
* N-ethyl-maleimide 


trypsin was lost in the presence of without effect on either the S. mansoni 
cysteine. The sulfhydryl-binding agent, extract or trypsin. As can be seen from 
NEM, was inhibitory to only the Cl. the table, the inhibitory effects were 
welchii toxin and the S. mansoni ex- nullified by the presence of equimolar 


tract. The latter inhibition was only parts of Zn**. In other experiments, 
partly reversed by the presence of inhibition of Cl. welchi toxin and of the 
equimolar concentrations of cysteine. extract of S. ratti by EDTA to a lesser 
Relatively high concentrations of so- degree was noted even at a concentra- 
dium iodoacetate (M/20) resulted in tion of 10~* M. In spite of its lack of 
only 45% inhibiton of the S. mansoni effect on the extract of S. mansoni, like 
extract and slight (14%) inhibition of the S-H-containing compounds, EDTA 
the Cl. welchii toxin while trypsin was at 10~* M inhibited the activity of living 
not affected and S. ratti not tested. S. mansoni cercariae on the azocoll 
The effect of a chelating agent.—As the substrate. 
inactivation of the enzymes by sulf- Effects of various reducing and oxidiz 
hydryl containing compounds might be ing agents.—Some substances were 
a phenomenon associated with their tested because of their ability to inhibit 
ability to bind metal ions essential ‘‘mucase’’ enzymes’ or because of their 
to the activity of the enzyme, the effect reducing activity. Inhibition of activ 
of a chelating agent on the various’ ity by ascorbic acid did not parallel 
systems was studied. In table 3 the that of reducing agents such as cysteine 
results of one such experiment with the It had an inhibitory effect only on the 
disodium salt of ethylenediamine tetra- extract of S. mansoni (50%) and tryp 
acetic acid (EDTA) are shown. When _ sin (15%) and then only when present 
present at a concentration of 10-* M,_ in relatively high (7/50) concentration 
this substance completely or almost Dehydroascorbic acid at the same 
completely inhibited the activity of both concentration had essentially the same 
the S. ratti extract and the Cl. welchii effect. Benzoquinone at relatively low 
toxin on the azocoll substrate. It was concentration (3X10-* M) partially 


inhibited the S. mansoni extract (40% 
rasLe 3.—Effect of a chelating agent* and 


1. welch oxin (30%) ane ypsil 
Zn** on dye release from azocoll Cl. welchii toxis 0) and ti pot 


(40%) but was without effect on the 


Buffer Zn'*t EDTA* ea and extract of S. ratti. Alkalinized quinone 
) 
lost its capacity to inhibit except for the 
Cl welchii toxin 100 oR 7 102 
S. ratti extract 100 oR 0 120 
>, mansons extract 10) 79 115 82 7. Roseman, S. and Dorfman, A, 1952, Effect of 
Trypsin 100 85 110 120 : 
‘ . gentisic acid and related compounds on bovine 
*EDTA=Disodium salt of ethylenediamine tetra testicular hvaluronidase J Biol. Chem. 199: 
acetic acid at 10°* M 


tAt1o* M 345-355 
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Cl. welchii toxin (30%) while hydro- 
quinone gave about the same general 
low level of inhibition (10-20%) of all 
enzymes tested. 

When 


amounts of trypsin, Cl. welchit toxin, 


Actwity against azocartilage. 


S. mansoni extract, and S. ratti extract 
that give equivalent dye release from 
with 5 mg of 
azocartilage, the dye release was not 


azocoll were incubated 
equivalent. The extract of S. mansoni 
was most active, that of S. ratti slightly 
more the 5S. 


toxin 


active as 
the Cl. welchis 
slightly less than half as active as S. 
mansoni, Trypsin was totally without 
activity against this substrate prepara- 
tion. Both EDTA and cysteine which 
inhibited dye release from azocoll also 


than half as 


mansoni, and 


inhibited the dye release from the azo- 
cartilage system. 

Release of hydroxyproline from sub- 
strates.—Preliminary tests of the activ- 
ity of the various helminth extracts and 
bacterial hide powder 


toxin against 


were made using descending paper 


revealed that 
proline or hydroxyproline was released. 
A limited number of quantitative de- 


chromatograms, which 


terminations of hydroxyproline release 
from hide powder and tracheal cartilage 
were performed and the data are pre- 
sented in table 4. Since 6 to 15 times as 
much extract were required in each test 
because the test is relatively insensitive 
as ¢ ompared to the azocoll method, the 
amount of data that could economically 
be acquired was limited. All of the sub- 


TABLE 4 


Substrates (30 mg) 
Enzymes* 
Hydrolysate 


C. welchii toxin 

S. mansont extract 

S. rattt extract 

A. caninum extract 

N. muris extract 

Trypein 4 


68.2 


hours 
* All enzymes 3 mg except trypsin 3 X10 mg 


Hide powder in: 


Total volume 3 mi of pH 7.0, M/10 phosphate buffer, penicillin and dihydrostreptomycin added, incubated at 37 C for 20 


stances acting on the azocoll substrate, 
trypsin, Cl. welchit toxin, S. mansoni 
extract, and S. ratti extract, also released 
hydroxyproline from hide powder. In 
each, 6 to 10% 
found 


of that released was 
acid while the 
greater portion, roughly 90%, was pres- 
ent in the polypeptide fraction. No 
direct comparison of the completeness of 


as free amino 


digestion of the substrate was made. 
It may be pointed out that 3*10~* mg 
of trypsin in this system digested the 
same amount of substrate (60%) as did 
3 mg of S. mansoni larvae measured as 
dry weight 
alent dye from azocoll 
obtained from 4 of this quantity of 
trypsin and 1/15 of this quantity of S. 
mansoni extract. It is interesting that 


before extraction. Equiv- 


release was 


the extract of A. caninum, which ex- 
hibited little or 
azocoll, also had only a slight ability to 
the 
coupled hide powder and that the ex- 


no activity against 


release hydroxyproline from un- 
tracts of N. muris that were negative to 
azocoll were also without activity here. 
The ability to free hydroxyproline from 
cartilage also paralleled activity on the 
azocartilage substrate in that trypsin 
was essentially inactive while S. man- 
som, S. ratti, and Cl. welchii toxin all 
released hydroxyproline from this sub- 
strate. Again about 10% of that re- 
leased was found as free amino acid. 

In general the substances inhibitory 
to dye release from azocoll and azo- 
cartilage also inhibited hydroxyproline 
release from the uncoupled substrates. 


Percent hydroxyproline released from hide powder or cartilage substrate 


Cartilage in 


Total Hydrolysate Total 
75.2 42.3 48.1 
59.2 61.5 “0.9 
40.3 44.7 
0 1.1 
0 0 
0 1.6 
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varionu 


vu fe 


0,0.1M 


This is illustrated by table 5, where it 
EDTA inhibited the 
and § 
ratti extract but had no effect on the S 
N-ethyl 


mansoni extract and the C 


mav be seen that 


ictivity of Cl. welchii toxin 


mansoni extract maleimide 


inhibited S 
ind with this system also 
ol the S 


ratti extract, 


weichilt toxin 
inhibited the 


The S 


ictivity ralli ex 


tract as in previous 


experiments, was most sensitive to the 


presence ol cysteine while in this « xper! 


ment no inhibition of Cl. welchii toxin 


was apparent in the presence ol the 


| he amount 
l 
i 


imount of cysteine used 


ol cysteine present was only that 


necessar’ to give 50°, inhibition of 


toxin in the azocoll system 


The tr p 
sin inhibitor, ovomucoid, inhibited onl 


the activity of trypsin and is mm the 


azo-dye systems, had no _ perceptible 


effect on the bacterial toxin or the 


helminth extracts 
The effect of the 


Various enzymes on 


a reconstituted ‘‘native”’ collagen were 


not as marked as that found in the 


Relatively slight 
the S 


rattt extract, 


previous substrates 
ictivity was evidenced by. 


ind the § 


f 


man 
on extract 
of the hydrox 


which released about 5 


proline present in 20 hours incubation. 


ENZYMES O} 


HELMINTH LARVA 


Only the weicntil exhibited 
ind this re 
than &' mn () 


‘ 


LOXIN 


ictivityVv ot a higher level 


leased slight! more 


hours. Even at 46 hours of incubation 


this did not approach the hydroxypro 


line release found for the other sub 


strates, is the helminth « xtracts liber 


ited only 5-6°, while the bacterial 


toxin liberated almost 10%, of that pres 
ent in the 


substrate. Trypsin was es 


sentially inactive as 


and A 


1 Vrosine reliéase 


were extracts ol 


V. muris caninum 
from hemoglobin 
no degradation of 


could be 


nematode ex 


In a previous re port 
urea denatured hemoglobin 
shown in various of the 
that of Strongy 


material of S 


including 


Sufficient 


tracts tested 
oude 


Was 


mansoni 


not available it the 


time to cart 
Nore 


has been possible to compare the abilit 


out conclusive tests recently, it 


ol S. mansoni extract, ¢ elchiu toxin 


and ti psin to release ft ine Irom a 


denatured hemoglobin ubstr ite The 
results ol 


table 6 


one experiment hown an 


indicate that the toxin of ¢ 


welchit was inactive id the extract of 


had the 


from the 


Té le im 
\lthough 


stem b 


S. manson ibility to 


tvrosine substrate 


trypsin was inhibited in the 


the presence ol ovomuco. thre extract 


ol 5 manson Wa mates tec 


Additional histochemical stud te Our 


previous investigations have show that 


during skin penett ition ly helmu thy 


there were extensive changes in the 


dermal connective tissue lhese were 


primarily noted i the polysaccharide 


containing protein oO the basement 
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hic 
au 

Left 
B. (Right 


i¢ ol 


ide) Normal skin 


ich 


lay ralti 


membrane and ground substance. That 
collagen and reticulin were also affected 
has been shown by using techniques to 
demonstrate argyrophilic material. With 
silver stains for reticulum, the reticular 
fibers in the dermis were altered as the 
skin was penetrated by the cercariae of 
S. mansoni and they disappeared in the 
immediate vicinity of the larvae or else 
Collagen fibers 
the 


their argyrophilia 
altered 


lost 


were also in immediate 
the larvae in the dermis in 


An addi- 


tional change was noted after massive 


vicinity of 


that they became argyrophilic. 


exposure of the skin to larvae of either 


S. mansoni or S. ratti. Throughout the 


dermis, as illustrated in figure 5, there 
was a general decrease in the number of 


protein-bound sulfhydryl groups that 


could be demonstrated by the technique 
of Barrnett.* 


Adjacent area of skin, 10 uw section, exposed 30 minute 


Note the over-all reduction in staining. Sections of larvae are numerous 


AND CHANG-LING LEE 


10 w section, Barrnett method 


to several thousand filariform 


in the dermis 


In 


which 


The 


enzymes 


substances 
of skin 
penetrating larvae in vitro were tested 
ol 
larvae to penetrate the skin of rats and 

Many of the 
Cut? or Het? 


studies 
inhibited the 


vivo 


for their effect on the ability these 


mice substances tested, 


e.g., when used in con 
to inhibit 
lethal the 


organisms or resulted in an obvious loss 


centration great enough 


penetration were also to 


of motility and impairment of normal 


activities. Those which were not ob 


viously detrimental to normal activity 
of the larvae were further investigated 
NEM at 10-7 M, EDTA 
and 10-* M, and ascorbic acid 


VW. Of EDTA g: 


and included 
at 10~° 
at 10 


these only ive 


8. Barrnett, R. | The 
tribution of protein-bound sulfhydryl groups 


J. Nat 13: 905-925 


1953, histochemical dis 


Cancer Inst 
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EDTA* 


ind 


apparent inhibition as judged by the 


kKvans blue response It completely in 


hibited the development of Evans blue 
the skin exposed to S 


as associated with fewer 


spots at the area exposed to S. manson 


than nm control areas exposed to cet 


EDTA. With 


there was a statisticall Si 


cariae without the latter 


species 

heant decrease in the number ol 
worms cle veloping in the exposed mice 
noted in 


M at 10 V is 


is to he 


table 7. It 
that NI 


as show! 


the table 


ScAllle 


without eftect 


DISCUSSION 


We h ive suyvested ina 
port that the 


previous I 
ictivity of some helminth 
liberated as 


the 


prod iced ‘ 17% 


mes the in 
skin of the 


like 
the 


fective larvag penetrate 


mammMaital host, ire collagenase 


toxin of C 


share in features with 


Phe 
the 


present stud) 


further characterizes proteolyti 


activities of the enzyme or enzymes 


present in the cercariae of S. mansont 


ind the filariform larvae of S. ratti and 


bacterial col 


lhe 


compares these with 


logenast ind trypsin presence ol 


proteoly tic enzymes in these larvae was 
show! 


lies which 


al and ih VIVO 


that 


hirst histochemi 


| revealed the living 


stus 


larvae is the penetrate the skin ilter 


pol saccharide-cont ining prote in, col 


lagen fibers, reticular fibers, and pro 


tein-bound sulfhydryl groups. Further 


more the living larvae in vitro have 
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shown ict on izo dve coupled 


Sterile 


been 
saline CX 
high 
( ipable ol 


collage ns and gelatin 


tracts of these larvae exhibit a 


degree ol activity ind are 


degradin iZO dye coupled collagens 


uncoupled collagens, gelatin irozen 


dried skin sections and, in one case 


Although 
points ol similarity, if 
ol S 


hemoglobin there are many 
that 


ratt 


IS apparent 


the larvae mansoni and S 


poss SS 


proteol ti 


differ 


“pe netration’’ en 


zymes that not only from each 


other but also differ from trypsin and 


bacterial collagenase, with which they 


have summary of 


been compared \ 
thei characteristics 


in table 8 


some ol pertinent 


Is It ude 


he 
collag 


trypsin 


ind 


compared to 


helminth enzymes bacterial 


Clliais have hee 


primarily because this is active 


in the same range of pH ind is available 


hight 


relatively 


purihed preparation with 


well-defined characteristics 


Irypsin differs marked| from the 
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collagenases tested in being without 
activity against cartilage or azocartilage 
although it is active on hide powder and 


tested can be completely inhibited by 


azocoll. Its activity on substrates 


ovomucoid or soy bean inhibitor, sub 


which are without inhibitory 


stances 


effect on helminth enzymes or 


bacterial toxin. A further point of 


difference between trypsin and other 


enzymes is the fact that dilute normal 
serum (1:1000) strongly inhibits tryp 
sin but is without effect on the helminth 
the Cl 


Data for effects of serum on col 


extracts and activates welchii 
toxin 
lagenase have not been presented in the 
section on results as a more complete 
study will be part of a future report 


The the 


enzymes with bacterial collagenase was 


comparison of helminth 
originally made because of the similarity 
ot action ol « ollagenases and penetrating 
larvae on the acellular glycoprotein ele 
ments of connective tissue as shown by 
The 
that 


active 


histochemical methods present 


investigation has shown these 


helminth enzymes 


ol 
but 


are on a 


variety collagen-containing sub 


strates their activity against 

purified native ¢ ollagen is slight in com 
parison to the activity of the Cl. welchii 
toxin. kor this reason we preler to term 
them collagenase-like, even though they 


share many characteristics of the bac¢ 


terial « ollagenase 
rhe 


altered collagens as a 


use of hide powder or other 


substrate is not 


an exclusive test for the presence of 


collagenase activity as it has been shown 
that 


may 


altered collagens such as azocoll 


be solubilized by a variety of 


proteolytic enzymes.’ However, as we 


and others' have shown, the dye release 


from azocoll can be used as an extremely 


sensitive, reproducible, quantitative 


9. Neuman, R. E. and Tytell, A. A 
of proteolytic enzymes on collagen. Proc 


Exp. Biol, & Med, 73: 409-412 


1950, Action 


Soc 
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test is extremely valuable 


the 


Thus it to 


baseline for 


ol 


minute amounts of the 


give a quantitative 


comparison proteolysis when only 


substance to be 
The 


inhibitors 


ivailable addition to 
ol 


enzymes makes possible 


tested are 
ol 


the 


this system specifi 
elimina 
tion of non-collagenase types of proteol 
ysis such as that of trypsin. The use of 
an azocartilage substrate complements 
the tests above as it is not solubilized 
by tryptic action but is acted upon by 
collagenase. 


The 


cercariae of S 


ot 
mansoni resembles bac 


differs 


enzyme present in extracts 


terial collagenase and from 
trypsin in its ability to act on cartilage 
in vitro and on native polysaccharide 


Like 
slightly 


containing protein in vivo col 


lagenase it is unaffected or 


activated by specific trypsin inhibitors 
but is inhibited by sulfhydryl-binding 
agents such as NEM, iodoacetate, and 
traces of heavy metals. These findings 
that 


groups which must be 


both sulfhydryl 


suyvest contain 
uncombined to 

lhe 
enzyme differs from the toxin prepara 


pH 


optimum in the system tested, in being 


have active enzymes cercarial 


tion in having a more specifi 


sensitive to ascorbic acid, and in its 


Other 


toxin 


ability to digest hemoglobin 


Cl 


capable of digesting hemoglobin 


preparations ol welchii are 


but 
| he 


mansoni also differs from 


the one used in this study did not 
ot S 


bacterial collagenase as it is not affected 


extract 


by presence ol trace amounts ol 


sulihydryl compounds or other sub 
stances capable ol torming me tal com 
plexes However, the secretions of living 
the ability of 


cariae to produce enzymes are inhibited 


cercariae or living cer 
by such compounds 
The activity of extracts of filariform 


infective larvae of .S. rattt also shows a 


10. Bidwell, FE 


of Cl 


1950, The proteolytic enzymes 


welchii, J. Biochem. 46: 589-598 
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close parallel to that of the proteolytic 
portion of Cl. welchii toxin. Its action 
on substrates is similar to that of S. 
mansoni except that it is slightly less 
active on cartilage and has a lower pH 
optimum. It however, in 


differs, not 


being sensitive to sulfhydryl-binding 
agents and in being even more sensitive 
to the presence of sulfhydryl-containing 
and metal-chelating agents than is the 
toxin. These data suggest that both the 
S. rath the toxin are 
dependent for full activity on the pres- 


ence ol 


enzyme and 
trace amounts of divalent cat- 
ions that are readily removed by such 
means. 

Throughout this investigation it has 
treat the 
extracts and bacterial 


been convenient to various 


helminth toxin 

each contained a 
that effect 

measured was the result of the activity 


as though single 


enzyme and each seen or 
of one enzyme. It is more probable that 
the helminth extracts are of greater 
like the 


has been shown 


complexity bacterial toxin, 


to have three 
the 


A wide spectrum 


which 


enzymes contributing to “col- 


10 


lagenase”’ activity. 
of activities might well be expected in 
extracts of both S. and 5S, 


ratti, as each exhibits a rapid lysis of 


mansoni 


diverse elements of the living skin of 
the host during skin penetration. It has 


been suggested by several investigators 


that the cercariae of S. mansoni possess 


mucopolysaccharidase activity as does 
the toxin of Cl. welchiu. It was thought 
possible that, on these complex sub- 
strates, mucopolysaccharidase activity 
might augment the proteolytic effects 
being measured and for this reason sub 
stances known to inhibit hyaluronidase 
activity were included in some experi 
ments. These results were equivocal, as 
the helminth extracts were unaffected 
by alkalinized benzoquinone which in 
hibits the 


acid was without effect on the toxin and 


bacterial toxin Ascorbic 


inhibited both S. mansoni and trypsin, 
but this result cannot with certainty be 
ascribed to mucopolysaccharidase in- 
hibition. 

The in vivo tests of substances in- 
hibiting the helminth e. zymes in vitro 
and presumably inhibiting penetration 
must be evaluated with caution. Some 
of the substances inhibiting the enzymes 
can also be cercariacidal or may possibly 
impair activity of the helminth larvae 
as do Cut*+ or Hgt*t. Of the substances 
noticeably im 
pairing larval activity only EDTA at 
low concentration showed marked pene- 
the 
skin penetration by larvae of S. ratti 
whose extract is also extremely sensitive 


tested in vivo without 


tration inhibition, especially in 


to EDTA. The chelating agent also 
significantly inhibited skin penetration 


by S. mansont. 


SUMMARY 


The cercariae of Schistosoma mansoni 
and the filariform larvae of S. ratti pro- 
duce enzymes believed to be associated 
with their ability to penetrate the skin 
of their definitive hosts and to migrate 
subsequently through the tissues. Col- 
lagenase-like, proteolytic enzymes are 
found in each and their activities have 
been characterized through the use of 
quantitative measurements and by com 
parison with a bacterial collagenase 
and trypsin. Activity has been measured 
primarily as dye released from azo dye 
coupled, collagen-containing, substrates 
and also as hydroxyproline released as 
amino acid or in polypeptides from col 
lagen substrates. Various qualitative 
tests of activity including histochemical 
methods demonstrating action on na 
tive substrates in vivo have also been 
performed. 

The activity of the helminth-derived 
enzymes is directly proportional to the 
number of organisms present in the test 


systems used or to the dry weight of 





14 RoBERT M. LEWERT AND CHANG-LING LEE 


organisms from which the aliquot of 
enzyme has been extracted. This activ- 
ity increases with time of incubation at 
37 C. and is destroyed by heating to 
60 C. The optimal pH of the enzyme of 
S. mansoni in phosphate buffer is near 
7.5 while that of Strongyloides ratti is in 
the vicinity of 7.0. 

The enzymes of the two helminths 
differ in their degree of sensitivity to 
various of the metal ions tested. Both 
helminth enzymes are inhibited by Hg** 
and Cut* and slightly activated by 
Cat? and Mgt. Agents binding sulf 
hydry! groups inhibit the activity of the 
enzyme derived from S. mansoni but 
are with little effect on that of S. rattt. 
The latter is more sensitive to chelating 
agents and sulfhydryl-containing com- 


pounds than is the cercarial enzyme. In 


contrast to both 


trypsin, helminth 


enzymes are active on cartilage and 


neither is affected by the presence of 
trypsin inhibitors. When compared to 
bacterial collagenase, the activity of the 
helminth enzymes on native collagen in 
vitro is slight although in vivo activity 
against collagen-containing tissues of 
the host is marked. 

Various substances active in vitro in 
inhibiting the helminth enzymes have 
been tested for their ability to inhibit 
penetration of the skin by living larvae. 
One of these, a chelating agent, was 
capable of inhibiting penetration with- 
out otherwise causing obvious damage 


to the infecting organisms 
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SCHISTOSOMA 


VANSONI IN THI 


LABORATORY 


CHANG 
Microbiolog 


LING LEE AND 


I he 


Fr Je part me 


and 


Both 
Schisto 


Schistosoma mansoni 


omatium douthitts have been 


this laboratory 


S 


maintained in since 


1950. Cercariae of mansoni in large 


numbers were required for our studies of 
and 


activity (Lewert 


1956 


their enzymati 


Lee 1954 and and, ot necessit 


simple and effective methods of main 


Au tralorbi 
None of these 


radical departures from 


taining a large colon ol 


glabratus were developed 


Irie thods are 


reported techniques but do represent 


methods to 


S 


itl 


ol 


itions permit 


the 


modifi 


maintenance mansoni in 


laboratory with a minimum of effort 


whether large or small projects are con 


te mplated 


Ot the Variet' ol con 


Aquaria 


tainers utilized, the most satisfactor 


metal 
13 


ili Xp nsive 


i whit porcelain-covered 


vegetable tray > x9 » 


These 
ft 


reirivgerator 


inches SIZ are 
well in racks or on 


h il dled 
50 to 100 


shelves, are small « nough to be 


ind Can ace omod ite 


fig. 1 


with ease 
Au fra orb 
lhe trays are filled to within 14 inche 
has 
d 


hlo 


the top with tap water which 


been passed through a column of sa 
ictivated charcoal to remove 


No s 


It} the 


and 


ind o1 vegetation is included 


but 


Are placed on t 


rine 


tra’ or more ‘food 


one 


floats he water surtace 


which also provide places for the snails 


Board 


the 
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hi 
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; 


iversity of ( Chicago 


floats are 


by 


thin sealed vl iss tulx 


to deposit eyys I he con 


structed of four corks iomed the 


insertion of tour 


ind the whole is covered with a nvlon 


enough to 
hig. | 
to the 


haut net having meshe s larg 
illow the snails to puss through 


dut ible 


ood is pl iced li 


hese ire and not toxu 


the net 


Sila ls 


floats 


top ol 


ind is supported at a level which 


illows eas\ ol the bottom 


debris Sines 


the 


siphoning 
iils 


the 


vale 


idil 


the “ih 
floats 


COTY 


irea ol the ire re 


‘fished’ out when needed 
All a 


pl ites and are 


gla 

ierated with filtered com 
ike! The 
14 hour 


hixtures and 


quaria ire covered with 


pressed au through iif bre 


aquarium room ts illuminated 


d ils by 


the room te Miper iture 


fluorescent livhti 


maimtamed be 
ind 30 ¢ 1 our 


tween 25 ¢ experienc 


It (1954 


miection 


ind also is reported by Stirewa 


lower temperatures reduce ol 


the 
Q 


the snails mad il {) prolon per od 


needed to develop cerceaf4ri 
ire 

by 
\quaria 


cle jx 


the element mentioned 


ol 
ivailable, new 


cleaned evel 


mjuaria Cal 
minutes 
, 10 } 


ol 


in a lew 
wee} 
on the number 
This 

nail 


Vater aspiratot 


by a 


waste | 


imp dome pu its 


eces and ood throug 
pump and refilling 


It 


debt ’ 


dechlorinated water not nec 7 


to move the tra i ispirated 


id M rubber 
uppl 


plast 


thnroug h 
the 
equipped A 


iter supplied 


tubing connected to iter 


th if 


ire 
pertorat plastu 

tubes 
rubber tubing 


removed 
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bi l \qi ria 


present have bee 


food 


food float 


remo 


found that the calcium alginate prepara 
Standen (1951) and 


tion introduced by 
Moore et al 
Moore 


advantages when compared to 


1953 


1955) 


modified by ind by 
Sandground 


Ty ATL 


and has 


other types ol snail food such as lettuce 


or soaked maple leaves. A uniform prep 


iration can be made in quantity and can 


be stored frozen until needed. It does 


not readily mold or deteriorate and we 


have used it exclusively for 2 years. 


However, a simpler effective method of 


preparing the alginate food than that 
previously described is as follows 
lo 500 ml of water at 50 © while 


l \W ifitiy blendor, add slowly 
10 yg Cerophyl (dehydrated 


mixing in 
cereal 
yrasses, erophyl Laboratory Ine., Kan 
Vlo., 40 mesh 


5 gy powdered whole milk, 5 g 


su8 City sieved to pass 
SM TCCTH 
powdered wheat germ (if not obtained 
must be further 


Waring ble ndor and 


in powdered form 


ground dry in the 
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snails The glass covert and iif bubbles 


and finally 5 g 
Algin 
Corporation of America, 24 State Street, 
New York City 4). Several batches of the 


well-mixed 


sieved to pass 40 mesh 


sodium alginate (standard grade, 


viscous liquid are trans 


ferred to a heavy-walled 2 liter filtering 
flask. The flask 
tightly stoppered top, through which a 


). The 


side arm ol the flask is connected to an 


has a removable but 


tube leads to its bottom (hig 


air line through a similar flask contain 


ing water to trap any oil present in the 


compressed air. The air pressure (ap 


proximately 15 Ibs) is so adjusted that 


the alginate mixture is forced from the 
flask through a tapering glass tube in a 
The end of the 


glass 


continuous stream 


tube has an opening to deliver an 


alginate stream about 1 mm in diameter 


and the stream is directed to flow into 


a 2% calcium chloride solution with 


the delivery tube one inch above the 


solution surface \ continuous strand 
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food 


taker 


ilcium ilyinate 
Some Care 


Qo! nsoluble r 


thus formed must be 


to reg ilate the iir pressure iS too vreat 


or too litth results in either 


pre SSUuT¢ 


masses or parti les of food rather th if} 


the hlament desired. From 


continuous 


time to t formed, the alginate 


1irie is 


strands are transferred from the original 


of calcium chloride solution to a 


of 2‘ 


second tra’ , caleium chloride for 


10 to 15 minutes and then are washed it 


another 15 mu 


the 


cold running water for 


{ood 1s 


\fter w ishing 
} to 6 


utes to 4 hour 


transferred to oz wide-moutl 


“crew top glass jars and these are placed 


i deep freeze or freezing compart 
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\\ hen 


thawed 


ment ol a retriverator tor storaye 


| 
jars may 0 
ind 


Wate! 


needed one or more 


ind used. After 


the 


thawing 
ap 
green than when originally 
10 
late food can be processed in 4 
Vhis 


to 


i1reezinyg 


hlaments lose some ind 


peal darket 


prepared. By this method, liters of 


the alg 
individual 


hours bv i single 


imount is approximately sufhicient 


1 ils 


mount of 


maintain 2000 for a month 


If only al 


food 1s 


small the alginate 


needed the sodium 


liquid 


ite mixture can 


be dispensed mito 


calcium chloride solution bi USINR a 


ml continuous injection svringe and 


Viillive needle 
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Lymnaea palustris and Lymnaea 


. the 


lag 
snail hosts of S. douthitti,. have 


been maintained successfully 


nalt 
i a man 
ner identical to that described above 


The 


cercariae 


Ix po ure of mice to cercaride 


method of exposing mice to 


to that described by Lutter 
1954 
the entire operation and the amount of 


ol 


\n outline of the procedure is 


is similar 
moset but the time required for 


handling material 


infectious are 
lec ream dl 
As follow ) 


\ 


yg abratu 


10 A 


are placed in a 250 ml beaker 


yroup of to 20 infected 


with 150 
\fter 


the ‘ 


ml of dechlorinated water 
ufficient cercariae have been shed, 
decanted through a 100 


mesh screen into 


are ye ntl 


! 
a second beaker to ob 
tain a cercarial suspension tree ol snail 


The 
0,2 


feces suspension 1s gently mixed 


ind ml aliquots are removed and 


of a binocular 


containing 


counted with the aid 


cle 
the 


volume of 


sectiny micros Ope 


suspension desired 


method of expos 


ire 
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number of cercarias 
10X75 mm test 
automat 


Bicknell 


aperture 


is transferred to 


tubes by means of an 


\lfred 


has 


such the 


Phe 


mim 


pipette as 


pipette 
at 


pipett an 


least 2 in diameter to 


without 
idded 
fill the tubes within 1 cm of the top and 


deliver the cercariae freely in 


jury. Dechlorinated water is 


to 


they are placed in rowsol teninastand 
ard 20 tube rack 


one to hold 


his one and another 


10 anaesthetized mice are 


placed in a 5X10 12 inch mouse cage 
and the tails of the mice 


3 


are placed in 
The mice (CF 1 


are 


the test tubes 


20 


hig 


5 v 


to y in weight, anaesthetized 


by an intraperitone al injection of veteri 
nary nembutal at a dosage of 100 mg/kg 
body 


ol weight This dosage immobil 


izes the mice without any physical re 


1 hour, which 
to illow 
penetrate to 


1952 


straint for approximatel\ 
than 
able 
Stirewalt, 
1954 


is more sufhicient those 
cercariae 
Olivet 


Carthy 


to do so 


Vik 


| he anac sthe tized 


ind 
et 


ot mice to. mansoni cercariat 
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mice do not remove their tails from the 


tubes. Each cage prepared in this way is 


provided with food and water and 


closed. The animals when recovered are 
free to move about the cage in a normal 
manner. The tubes and their racks are 
removed the next morning or whenever 
this method with 


convenient { sing 


care, the anaesthetic mortality is very 
low and 44 to 59 schistosomes per mouse 
are recovered from mice exposed to 150 
cercCariae Cat h. 

Infection of snails with miracidia. 
Che methods for exposing snails do not 
differ materially from those reported by 
1954). 


greater and hatching more rapid, how 


Kagan rhe yield of miracidia is 
ever, when infected tissues are ground in 
a Waring blendor as follows rather than 
in a mortar with sand. The tissue (liver 
or intestine) is placed in several volumes 
of 0.85% saline in a Waring blendor and 
minced for 2 minutes, centrifuged, and 
the sediment replaced in the blendor 
withseveral volumes of saline for another 


) washed 


minutes mincing. It is then 
three times in saline by centrifuging and 
placed in a side arm flask with water so 
that miracidia may be concentrated and 
recovered 

The end result of these modifications 
of methods used to maintain S. mansoni 


in the laboratory is a great 


Saving ol 
time and facilitates the maintenance of 
numbers of infected 


relativels large 


snails for the purpose of harvesting 


cercariae. No accurate count of the num- 
ber of snails is recorded as it varies con 


How 


ever, during one period of the past year, 


siderably from month to month 
a maximum of 900 snails were shedding 


cerearjae simultaneously. The infection 
record ,or this group is shown in table 1 
Dy po al of contaminated article 
Lysol, phenol and similar agents, al 
though they readily killcercariae, are 


the 


not 


ideal as they render cleaning of 


glassware and other containers difficult 


or S 
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raB_e 1.—The survival of 2 groups of snails 


Exposure to miracidia 
Snails ex 
Each posed 3 
nail times in 
exposed gr 
e to 


Number of snails 

Mortality in 50 days 

Infected and shedding 
cercariae at 50th day 
after exposure 

Infection ute of 
vivorse 


An ordinary laboratory glassware 
Lakeseal kills S 


mansoni cercariae within 1 minute in a 
dilution of 0.1%, 


cleanser such as 


which is below the 
suggested concentration ordinarily used 
(0.15 to 0.59 All 


therefore, 


for cleaning con 


taminated articles, are sub 


‘ 


merged in about 1% Lakeseal solution 


for several hours or overnight to dis 


infect and clean simultaneously 


SUMMARY 


Methods for the routine maintenance 


of Schistosoma mansoni in this labora 
tory involve equipment and procedures 
that 


Australorbis can be 


colonies of 
efficiently 


minimum of effort and expendi 


such large or small 

grown 
with a 

ture of time. Refrigerator vegetable 
trays are used as aquaria and the snails 
are provided only with calcium alginate 
food which is placed on a floating net 


The 


in quantity 


No sand or vegetation is necessary 
food is prepared efficientl 
filament and can be 


indefinitel The 


as a continuous 


stored exposure ol 
mice to cercariae as well as the problem 
articles are 


of handling contaminated 


disc ussed 
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ANTIBODIES IN THE RABBIT WITH 


RATES OF 


DIFFERENT 


METABOLIC DECAY 


WILLIAM H. TALIAFERRO AND DAVID W. TALMAGE 


From the Departments of Microbiology and of Medicine, University of Chicago, 


Chicago 


Besides its intrinsic interest, the rate 


of metabolic decay of antibody 


necessary 


is 
for any determination of the 
total amount of antibody formed during 
any specified time (see W. H. and L. G. 
laliaferro, 1951, and Taliaferro, 1955). 
In general, such rates have been de 
termined by the rate of disappearance ol 
passively transferred homologous ant 
body from the serum of 


When plotted 


the disappearance e 


recipient ant 
mals 


( illy, 


biphasic 


semilogarithmi 


is generally 


The initial period of rapid fall, 


immediately following intravenous in 


jection of the antibody, is curved in 
shape and is usually considered to be 
the ol 


result a tissue blood equilibra 


tion. The second phase is linear and is 
considered to represent the true meta 
bolic decay. The rate of metabolic decay 
is commonly expressed as the biological 
half life 
plots of log antibody against arithmeti« 
be the 


following equations of declining anti 


and can be read directly from 


time or can calculated from 


body titer: 


and when 


in which A; and Ao are antibody titers 
at times ¢ and zero, respectively, k; is 
the 
and f is the 


rate constant of antibody change, 
biological half life of the 
antibody 

(1952) 


life 


that the 
homologous ‘¥ 


et al found 


half 


Dixon 


biological of 


37, 


21 


Illinois 


globulin in the rabbit was 4.6 +9.8 days 


when the globulin was prepared by 
alcohol precipitation and 5.7 +1.2 days 
when prepared by ammonium sulfate 
precipitation. The smaller value was al 
the halt ol 


antibodies which they 


most identical with lives 


rabbit 


calculated from the data of Glenny and 


several 


Hopkins (1923) for diphtheria antitoxin 
(4 to 5 days), Heidelberger et al (1942) 
for type 1 antipneumococcus antibody 
(4.2 days) and Germuth (1951) for anti 
The half-life of 


passively transferred rabbit antibodies 


ovalbumin (4.7 days 
was found to be 5.6 days for antibovine 
al (1953) 


antipneumoc oOccus 


globulin by Stevents et and 


5.4 
antibody by Humphrey and McFarlane 
(1954). 

The 
of our finding (Taliaferro and Talmage, 
1954) that rabbit 


decayed metabolically 


5 to days for 


present investigation grew out 
Forssman hemolysin 
it a much more 
rapid rate than other rabbit antibodies 
as recorded in the foregoing reports or 
rabbit antibody to 


than a human ¥ 


globulin. Many of the present experi 
ments were completed before we (Tal 
mage et al, 1956b) discovered that both 
Forssman and isophile antisheep-red-cell 
at 


molec ule 


two 
ol 


antibodies contain least com 


ponents: a large high 


23, 1956 
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hemolytic capacity and a small mole- 
cule with little, if any, hemolytic ca- 
pacity. Later work as well as a reinter- 


pretation of our early experiments indi- 


cated that the large hemolytic molecule 


is associated with a short 


biological 
half life and the small molecule with a 
longer half life 


MATERIALS AND METHODS 


Rabbits were used exclusively. They were ob- 
tained from Mr. Harold Swift's Lakeside farm in 
Michigan and were free of snuffles and other 
respiratory diseases. Most of them weighed from 
2 to 2.5 kg at the beginning of an experiment. 
Males and females occurred approximately in 
equal number. They were kept at least a week in 
our laboratory before they were used 

A. Immunization of rabbits.-Hemolysins were 
prepared by injecting sheep red blood cells or 
heated sheep red blood cell stromata intrave 
nously. The red cells in Alsever's fluid were gently 
shaken in 50 to 100 times their volume of 0.85% 
sodium chloride, were centrifuged for 15 min 
utes at 2000 r.p.m. and were standardized photo 
metrically on the basis of hemoglobin liberated 
by distilled water lysis (W. H. and L. G, Talia 
ferro, 1950). Thus, 1 ml of a 1% suspension (ap- 
1.6 10* red cells), after lysis by 


diluting 1:5 with distilled water, gives a reading 


proximately 


of 150 on the Klett Summerson photoelectric 
colorimeter with a #54 filter (range 500 to 570 
my). One ml of 1% cells as thus defined contains 
approximately 2.5 mg hemoglobin on the basis 
of dry weight as determined by 
Freter (1956). 

Heated sheep red cell stromata were prepared 
by the method of Jaroslow and Taliaferro (1956) 


and were autoclaved at 2 pounds pressure (ap 


Talmage and 


proximately 103 C) for 1 hour 

rhe 
Intact or splenectomized rabbits were injected 
7 to 10 times with 1 ml of 10% red cells per kg 


4 following procedures were used, (1) 


rabbit during periods ranging from 10 to 13 days 
and were bled 2 to 4 days after the last injection 
(about 13 to 15 days after the first injection) 
near the time of peak titer. The rabbits were 
splenectomized (though later) 
serum peak hemolysin titers were attained than 
in intact rabbits (W. H. and L, G. 
1951). (2) Intact rabbits were subjected to the 
same treatment as in #1 except that heated stro- 
mata were used. Both of these procedures yielded 


because higher 


laliaferro, 


serums with high Forssman hemolytic efficiency 
(Isophile antibody did not appear in measurable 
concentration by the 15th day in procedure 1 


even though whole red cells were injected.) (3) 
Intact rabbits were injected 12 or more times 
every 2 or 3 days with 1 ml of 10% sheep red 
cells per kg rabbit and were bled a week after the 
last injection (about the 35th day after the first 
injection). (4) Intact rabbits were given a series 
of 6 to 12 injections of the same amount as in #3 
(at the rate of 3 a week) followed a month later 
by a 2nd series consisting of 3 to 6 injections and 
were bled a week after the last injection. Pro 
cedures 3 and 4 yielded appreciable amounts of 
isophile antibody in proportion to Forssman anti 
body. (The latter was decreasing at the time the 
serum was obtained.) Isophile antibody in pro 
cedure 3 did not appear regularly until the 4th 
week (Talmage et al, 1956a) 
Antihuman-y-globulin serum (anti-HGG) was 
obtained by using Lederle’s immune serum globu 
lin #2167-98 (human vy globulin or HGG). The 
immunizing antigen was prepared by emulsifying 
in a Waring blendor 10 parts of a 0.5% saline so 
Ward et al, 
Salk and Younger, 


12.5 


lution of HGG with 1 part arlacel ¢ 
1950) and 9 parts of bayol F 
1950) dilution of mg 
HGG/ml. Six rabbits were given from 3 to 5 in 
jections of 50 mg HGG in 4 ml of emulsion at 


which gave a final 


approximately monthly intervals, Each injection 
was distributed among 2 intramuscular and 2 sub- 
cutaneous sites, High titered precipitating serums 
were obtained by intracardiac puncture 7 days 
after the 3rd through the 5th injection 

B. Materials used for passive transfer.—Anti 
serums prepared as described under section A 
were injected into normal recipients. In addition, 
the first and second specific eluates from anti 
serums iodinated as described under section ( 
were similarly injected into normal recipients 
rhe recipients were then bled within 10 minutes 
and daily thereafter for a week or more. In many 
cases, more bleedings were made during the first 
24 hours. The number of days bleedings were 
made depended upon the amount of antiserum 
injected and its titer. The serums were titrated 
by immunological methods (sections E and F) or 
by radioactivity determinations (section D). 

C. Iodination of antibody for passive transfer 
Anti-HGG serums were trace-labeled with I 
as follows. Globulins were first precipitated from 
the anti-HGG serum by 50% saturation with 


ammonium sulfate. After dialyzing to remove 
sulfate, the globulins 
iodinated. Specific antibody was then separated 


from the other globulins by absorbing on the 


the ammonium were 


specific antigen and eluting with carrier anti- 
HGG serum at pH 7.4 by the method of Talmage 
et al (1954). Such preparations contained anti 
body of high isotopic specificity. In the prepara- 
tions used in the present study, about 80% of the 
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radioactivity in the eluate used for passive trans- 
A con- 


siderable amount of unlabeled carrier anti-HGG 


fer was b-und to specil HGG antibody 


antibody was also present but did not affect the 
radioactivity counts 

rhe prepare the 
iodinated Forssman antiserums for 5 animals in 


same method was used to 


group 4 except that iodinated Forssman antibody 
was purified by absorbing on red cells and eluting 
from red cells with unlabeled, 1.€., Carrier, Forss- 
man antiserum at pH 7.4 (Talmage and Freter, 
1956) 

For animals in groups 4 and 6, Forssman and 
isophile antibodies were 


prepared as follows 


Specific iodinated antired-cell serum was sep- 
arated from the other iodinated globulins by ab- 
sorbing it on red cells and eluting the labeled anti 
with 
This 1st 


eluate contained I-labeled and carrier Forssman 


body from the cell-antibody combination 


carrier Forssman antiserum at pH 7.4 


antibody as well as approximately 25% of non 
antibody globulins. The carrier antibody did not 
affect the radioactive counts. The cell-antibody 


combination (remaining after the first elution 
was treated a second time with carrier antired 


rhe 


protein-bound label in this 2nd eluate was from 


cell serum to obtain the isophile antibody 


75 to 80% antibody-bound and a large propor 

tion of the I''-labeled antibody was isophile. 
D. Radioactivity determinations.—The disap 
with I 

immunized recipients was fol 


pearance of antibody trace-labeled 
from passively 
‘owed by determining y ray emission from blood 
samples. Experimental rabbits were bled into 
weighed glass (Wassermann) tubes, and the radi 
oactivity of the weighed blood sample (about 1 
ml) in the tube was determined in a scintillation 
counter in connection with a single channel an- 
alyzer. Radioactivity was expressed as counts 
per minute per gram of whole blood 

The same counter and analyzer were used in 
the combining capacity determinations (section 
E) 

E. Immunological titrations.—Hemolytic ac- 
50% 
described by 
(1950) and is ex 
Briefly, this method 


measures the amount of serum which lyses 50% 


tivity was titrated photometrically in 


hemolytic units by the method 


W. H. and L. G 


pressed in 50% units/ml 


laliaferro 


of a photometrically standardized 


amount ot 
sheep red cells in the presence of four 50% units 
of complement 

The combining activity of antired-cell serum 
50% 
as the amount of serum which gives a 50% inhibi- 
tion of the uptake of an I'"-traced-labeled anti- 
body (Talmage and Freter, 1956). 

F. Separation of Forssman and isophile anti 


was titrated in combining units defined 
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bodies in antired-cell serums for immunological 


titrations.—Three methods were used: (1) Forss 
man antibody was removed from antiserums by 
absorption with heated red cell stromata, pre- 
pared as described above 

2) Horse kidney was also used for absorption 
It was prepared by removing the capsule and 
connective tissue, cutting into small pieces and 
mincing for about an hour ina Waring blendor 
with phosphate saline buffer. After screening out 
the coarse particles, the fine particulate material, 
suspended in about 3 liters of phosphate saline 
buffer, was centrifuged in a Sharples centrifuge 
at an average centrifugal field of 13,000Xg. It 
was washed twice while in the Sharples, left over 
night in the and autoclaved at 2 


103 C) for 1 
It was again put in the Waring blendor for 


relrigerator 
pounds pressure (approximately 
hour 
1 hour to break up the large aggregates caused by 
heating, collected in the Sharples centrifuge, 
mixed with an excess of buffered saline and col 
lected in a refrigerated centrifuge in an average 
gravitational field of 2600 


The yield from one horse kidney was about 70 g 


x g for 15 minutes 
wet weight 


(3) Each antiserum into 4 ali 


quots The first aliquot was titrated for hemolytic 


was divided 


activity and because of the small amount of iso 
phile antibody (2 to 9%) was considered to be 
Forssman hemolysin. The second one was titrated 
for Forssman combining capacity by inhibition 
of the uptake of a labeled Forssman antibody 
rhe third aliquot was titrated for isophile com 
bining activity by using a labeled isophile anti 
body 3.210" heated 


stromata per Forssman combining unit to absorb 


and in addition adding 
the Forssman antibody. The fourth aliquot was 
absorbed with heated stromata and then titrated 
for isophile hemolytic activity. Generally, there 
were two absorptions with about 5X 10* heated 
stromata per hemolytic unit either at room tem 
perature for an hour or at 37 C for half an hour 

All absorptions of Forssman antibody were 
continued until 2 successive ones showed no sig 


nificant decrease in titer 
EXPERIMENTAL RESULTS 


The fate of passively transferred rab 
bit Forssman and isophile antibodies 
against sheep red cells was followed by 
specific serological tests (50% hemolyti 
capacity and 50% combining capacity) 
and by specific radioactivity after 
trace-labeling with I, Passively trans 


ferred rabbit anti-HGG serum was fol- 


lowed only by the specific radioactivity 
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method. In figures 1 and 6, actual titers 
are shown. In the rest of the figures, per- 
centages of the first (10-minute) deter- 
mination are given. 

As mentioned earlier, the curves of 
the disappearance of passively trans- 
ferred antibody were predominantly 
biphasic when plotted semilogarithmic- 
ally (cf. fig. 1 and 2). The initial rela- 
tively short decline, usually less than 
2 days, was curved in shape and repre- 
sented the equilibration of antibody be- 
the The 
second decline of 5 to 22 days repre- 


tween the blood and tissues. 
sented the actual metabolic decay and 
the 
concentration of natural or pretransfer 


The 
with 


was usually linear until it neared 


antibody. longer declines were 


correlated the injection of large 
amounts of high titered antiserums. In 
addition, the variation in the rate of 
disappearance among different rabbits 
the 


small as is shown by the data in figure 


of approximately same was 


age 
1 and by the size of the standard errors 
in table 1 
al (1952) reported that the metabolic 
half life depended upon the specific 


In this connection, Dixon et 


metabolic rate of the recipient. 


Antisheep-red-cell antibodies 


Forssman hemolytic activity, group 1. 
The metabolic half life of the hemolytic 


TASLe 1 
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activity of Forssman antibody was 


determined by the passive transfer of 2 


~ 


types of antiserum into 27 normal rab- 
bits. Twelve recipients were intrave- 
nously injected with 5 to 12 ml of anti- 
serum (whole blood 


from 


was used in two 


animals) donors injected with 
heated stromata according to procedure 
2, section A, in Materials and Methods. 
The hemolysin titers of the antiserums 
varied from 10,000 to 63,000 units/ml. 
Fifteen 


from donors injected with fresh cells 


rabbits received antiserums 
according to procedure 1, section A, in 
Materials and Methods. These donors 
might be expected to yield a mixture of 
Forssman and isophile hemolysin but 
actually only contained Forssman anti 
bodies as ascertained by Talmage et al 
(1956a). that 


isophile antibody does not appear in 


These authors found 
measurable quantity until the third week 
in such donors and then in only a few 
animals and in small amounts. 

The half life of hemolysin in the 27 
passively transferred antiserums varied 
from 1.6 to 3.9 days with a mean of 
2.81+0.12 days (table 1, group 1). It is 
noteworthy that in the 15 antiserums 
obtained by immunization with fresh 
red cells it varied from 1.6 to 3.8 days 
(see examples in fig. 1) with a mean of 
2.82 + 0.16 days and that in the 12 anti- 


Half life in the rabbit of passively transferred (A) rabbit Forssman and isophile sheep 


red cell antibodies and (B) rabbit human vy globulin antibody. 


Antigen or 
Group Antibody 


antiserum? 


a Forssman hemolysin Heated stromata 


! 

ib Forseman hemolysin RBC.-E H 
i (ta and 1b) H 
2 Isophile hemolysin RBC.-L (Abs F) H 
; Forseman combining Heated stromata Cc 
4 Forssman combining 

5 Isophile combining 

6 Isophile combining 


RBC.L (Abs F) ( 


7 Aati HGG 


Specific elution 


t RBC.E, immunization with red cells and antiserum obtained early before isopiile antibody appeared: RBC-L, immuni 
zation with red celle and antiserum obtained late after isophile antibody had appeared; Abs 


Method 
treatment of of 
titration} 


A. Sheep red cell antiserums 
H 7 


Specific elution 1* 


Specific elution I* ° 
B. Human 7» globulin antiserum 
1* 


Equilibration period Number 
ot 
rabbits 


Half life 
in days Percent anti- 


body lost 


Length in 
days 


9+.1 0.494 .17 19 
82+. 16.24 
; 17.7 


wm 


we eeQ~un 


7 
2 
‘ 
45.6% 
46.5% 

5? .6 

i 55.8 

13+ 61.1 


wennwnr wv 
wen eeuud 


5.68% .11 1.522 56.141.8 6 


antiserum from which 


Forssman was absorbed; Specific elution, I-labeled antiserum purified by elution from antigen with carrier antibody 
t H, hemolytic activity in 50% units; C, antired-cell combining capacity in 50% units; I*, specific radioactivity of I 


labeled antibody 
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“4 


Days 


Fic. 1 


man hemolytic 


Rate of disappearance of anti-Forss 
activity (large molecules) after 
passive transfer to 4 rabbits. The numbers in 
this and all subsequent figures indicate the half 


life of the linear portion of the curves in days 


serums following immunization with 
heated stromata it was practically the 
same. In the latter, it varied from 1.9 to 
2.79+0.17 


days (see examples in fig. 2, solid lines 


3.9 days with a mean of 


Isophile hemolytic activity, group 2. 
The rate of disappearance of isophile 
hemolytic activity was determined in 6 
recipients, 

Two recipients received intravenous 
injections of antired-cell serums which 
were prepared according to procedure 3, 
the 
antibody was removed by the following 


section A, from which Forssman 
procedure. The two antiserums origi 
nally contained, respectively, 32,000 and 
84,000 hemolytic units/ml. Thirty ml 
of each was absorbed 3 times with 8 g 
(wet weight) of heated horse kidney. 
The serum and horse kidney mixture 
during the first and third absorptions 
were kept at room temperature for 3 
hours and at about 2 C for 15 hours for 
the The 
centrifuged at 5 C in an average gravita- 
tional field of 6000 X g after the first 2 
intervals and of 12,000 X g after the 
final absorption. In each case the sedi- 
ment 


second one mixtures were 


was discarded. This treatment 


reduced the titer of the Ist serum to 1400 
(4.4% isophile hemolysin) and of the 
2nd one to 2500 | 


lysin). Each absorbed serum was then 


3% isophile hemo 


injected into a single recipient. The 
disappearance of hemolytic activity in 
these recipients could only be followed 
for 3 days because the titer began to 
rise on the 4th day due to the active 
formation of antibody from a little 
horse kidney left in the serum. 

Two 


other recipients received un 


absorbed serums containing either 


53,000 or 63,000 hemolytic 


serum. Their serum sampleswere titrated 


units/ml 


for hemolysin before and after absorp 


tion with horse kidney 


2 recipients are the ones described in the 


A third group of 


first paragraph of the next section. 
The half life of 
hemolysin in these 6 


mean the isophile 


rabbits was 
3.0 +0.33 days (table 1, group 2) which 
is not significantly different from that 


of the activity 


Forssman hemolytic 
(table 1, group 1). 

Forssman combining capacity, groups 3 
and 4.—Two serums prepared by two 
courses of immunization with red blood 
cells were found by absorption with 
heated stromata to contain about 2% 
isophile antibody. They were given 
intravenously without absorption to 4 
recipients. Each sample of serum from 
the recipients was then separated into 4 
aliquots for titrations according to the 
3rd method under section F. The results 
from one of these rabbits are shown in 
figure 3. The Forssman and isophile 
units gave lower half life 
(2.9 3.5 the 
Forssman and isophile combining units 


(6 and 5.5 days). The mean half life of 


hemolytic. 


values and days) than 


the Forssman combining capacity for 
the 4 rabbits in group 3 was 5.56+0.17 
days (table 1). 

Three recipients in group 4 received 
eluates containing I-labeled Forssman 
antibody and also Forssman antiserums 
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he cS 
$ #8 
Percent of 10-minute Titer 


~ 
co 


Deys 


re” 


Fic. 2 


Rate of disappearance of anti-Forssman hemolytic activity and of Forssman combining 


capacity (a mixture of the large and small molecules) after passive transfer to 3 rabbits of 3 appropri 
ately treated antiserums. In this figure and the next 3 figures, the 10-minute titration is considered 


100%. 


with a high hemolytic titer. Parallel de- 
terminations were then made on the rate 
of disappearance (1) of the combining 
capacity (hemolytic antibody of large 
molecular size as well as the nonhemo- 
lytic antibody of small molecular size) 
by radioactivity determinations and (2) 
of hemolytic activity by immunological 
determinations. The mean half life of 
the specific radioactivity was 3.77 +0.17 
days. Not only was this a 35% increase 
over the mean determination of Forss- 


) 


man hemolytic activity, but the increase 
was consistently maintained in all 3 
recipients (fig. 2). Student’s method of 
paired comparisons indicated P <0.01 
for this difference. 

Five additional rabbits were treated 
that the I-labeled 
antiserums contained isophile as well as 


similarly except 


Forssman antibodies (see method 3 in 
section A, section C, and group 6). The 
iodine label of the 1st eluates containing 


Forssman combining capacity (fig. 4A) 


disappeared with a mean half life of 
4.43+0.29 days. There was a P<0.05 
for the paired differences between the 
hemolytic activity 
radioactivity. 

The shorter mean half life (4.26+0.29 
days) of the combining capacity in the 8 
4 which 
iodinated antiserums as contrasted with 
the half life (5.56+0.17 days) obtained 
by serological methods in the 4 rabbits 
of group 3 undoubtedly arose from the 
following facts. The combining capacity 


and the specific 


rabbits of group received 


as determined by serological and radio- 
activity tests measures both large and 
small molecules. The antiserums used 
for iodination were taken from donors 
at about peak hemolytic titer when 
there was relatively much more of the 
large hemolytic molecules of short half 
life. The antiserums used in the sero- 
logical tests, on the other hand, were 
taken later when there were fewer of the 
large molecules due to the fact that they 
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“ 


Days 


Fic. 3 


4 


Rate of disappearance of Forssman and isophile hemolytic activities and of Forssman and 


isophile combining activities after passive transfer into a rabbit of an appropriate antiserum. These 


4 activities are indicated consistently in the graphs as follows: Forssman hemolytic 


F hem; For ssman 


combining, F cbg; isophile hemolytic, I hem; and isophile combining, I cbg. 


are lost from the serum more rapidly 


and formation decreases 


sooner (Talmage et al, 1956a). 


their rate of 
Isophile combining capacity, groups 5 


and 6.—As shown in table 1, group 5, 
and as illustrated in figure 3, the mean 
half life of the isophile combining capac- 


ity, determined by immunological meth- 


Fic. 4 


ods, for 4 rabbits wage 5.5+0.25 days. 
This figure does not differ statistically 
from the one obtained for the Forssman 
combining capacity with similar meth- 
ods 

Three rabbits received the 2nd eluates 
of I"*!-labeled 
the 


antiserums described in 


preceding section together with 


Deys 


Rate of disappearance after passive transfer of 3 appropriately treated antiserums (A) of 


Forssman hemolytic and combining capacities in 3 rabbits and (B) of Forssman hemolytic and iso phil 


combining activities in 3 rabbits. 
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Forssman antibody with a high hemo- 
lytic titer. The disappearance of radio- 
activity of the isophile combining ca- 
pacity indicated a half life of 5.6+0.35 
days (table 1, group 6 and fig. 4B) 
while the Forssman hemolytic activity 
had the expected shorter half life. 

From these results, it may be seen 
that the value for isophile combining 
capacity obtained by radioactive meas- 
ures did vary significantly from 
that obtained by serological! methods. 
The question arises as to why there is 
such a good correspondence between 
the two methods with isophile combin- 
ing and not with Forssman combining 
activity. We believe the difference to be 
due to the fact that the content in the 


not 


antiserums of large short-lived mole- 


cules of the Forssman type varies 


markedly early and late in immuniza- 
tion due to the faster decay of the large 


earlier inhibition of 
their formation. In contrast, although 
the large short-lived molecules of the 
isophile type vary, never 
occur in as high a proportion as do the 


molecule and an 


also they 
comparable Forssman ones (Talmage 
et al, 1956a). 

Anthihuman-y-globulin serum, group 
7.—I1"™'-trace-labeled antiserums (used 
by Talmage et al, 1954) were passively 
transferred to 6 rabbits (group 7, table 
1). The half life as determined by the 
disappearance of I" varied from 5.2 to 
6.0 days with a mean of 5.68+0.11 
days. This value is similar to results 
mentioned in the Introduction in which 
the half life of rabbit antibody was 
determined by immunological methods 
and is identical to the biological half 
life reported by Dixon et al (1952) for 
ammonium sulfate fractionated homo- 
logous y globulin antiserum as deter- 
mined by the loss of I™. It is also not 
significantly different from the values 
obtained for groups 3, 5 and 6 (table 1). 

Two of the foregoing rabbits were in- 
jected with Forssman unlabeled anti- 


3° 


ig.“ Mhotign ~~ = 
% 


2 Pa 


= > 
& 2@és 
Percent of 10-minute Titer 


— 





4 
Days 


Fic. 5.—Rate of disappearance of Forssman 
hemolytic activity and of I'-trace-labeled anti- 
human-gamma-globulin antibody after simul 
taneous passive transfer of 2 appropriate anti- 
serums to the same rabbit. 


red-cell serum along with the |"- 
labeled anti-HGG serum. In both recip- 
ients, the Forssman hemolytic activity 
disappeared more rapidly than did the 
iodine label of the anti-HGG 
(fig. 5). 

Such results with long- and short- 
the 
differences in half life are valid and are 
not due to variations in the response of 
different rabbits (fig. 3, 4 and 5). 


serum 


lived antibodies demonstrate that 


Blood tissue equilibration period 


The length of the equilibration period 
in days and the percent of antibody lost 
from the blood during the period are 
shown in table 1 for all 7 groups of 
rabbits. Data on the length of the 
period were obtained by estimating the 
time elapsing between the first anti- 
body determination at 10 minutes after 
the injection of antibody to the begin- 
ning of the linear decline of antibody. 
The percent loss from the blood was 
estimated after projecting the linear 
decline to zero time (= 10-minute read- 
ing) and subtracting the titer so ob- 
tained from the actual 10-minute read- 
ing. Although such data were only 
rough approximations, the Forssman 
hemolytic activity (associated with the 
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large hemolytic molecules) had a shorter 
equilibration period (0.33+0.08 days) 
during which antibody (17.7+ 
2.5%) was lost from the blood than any 


less 


of the other 6 groups. The equilibration 
the 
the blood in group 1 were approximately 


period and percentage loss from 


one half the values attained in the case 


of isophile hemolytic activity (group 2) 


and about a third or less the values 
attained in groups 3 through 7. The dif- 
ference is not significant between groups 
1 and 2. On the other hand, the data for 
the anti-red cell combining and the anti- 
HGG antibodies (groups 3 through 7) 
were fairly consistent and were signifi- 
cantly higher than groups 1 or 2. 


Metabolic decay of hemolysin in ac- 
tively immunized rabbits 


In determining the total antibody 
formed from the curve of serum anti- 
body, it is important to ascertain the 
effect of immunization the 


active on 


162°" 
on 0.01 


‘ 





29 


In 4 rabbits, 
determinations were made on the rate 


rate of antibody decay 


of disappearance of passively trans 
ferred antiserums (1) before immuniza 
tion with a single injection of sheep red 
cells and (2) after the actively formed 
antibody had reached a low level. The 
results from one of these rabbits are 
shown in figure 6 and are typical for the 
group. (1) After an equilibration pefiod 
of 0.15 days, the hemolysin passively 
transferred on day 0 disappeared with a 
half life of 3.8 days. (2) On day 28, when 
the passively transferred antibody had 
decreased to about 100 units, the animal 
was injected with 0.125 ml of 1% sheep 
the 
hemolysin titer to 4200 units/ml serum 


red cells. Active immunity raised 
7 days later and the active antibody 
disappeared from the blood at a slower 
rate (44=7.8 days) than after passive 
transfer. (3) When the titer had dropped 
to 710 hemolytic units/ml on day 103, 
the animal was given a second passive 


3.95 


on 103.01 


Days 


Fic, 6. 


Rate of disappearance of Forssman hemolytic activity after passive transfer to a rabbit 


(A) before and (C) after (B) active immunization with 0.125 ml of 1% sheep red cells. Hemolysin titers 


are indicated at the time of transfer in A and C and at peak titer in B 


fourth the scale in the other graphs. 


The days are drawn at one 
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transfer of high titered serum. The fall in 
serum titer was triphasic. It consisted 
of an equilibration period of 0.4 days, a 
linear lasting 4 days 
(y= 4.0 days), representing largely the 
metabolic decay of the passively trans- 
ferred serum, and a third phase of 
slower decline. This third phase was 
within the range of the active immune 
preécess just preceding the second pas- 
sive 


decline about 


transfer and undoubtedly was 
caused by a continuing production of 
antibody as a result of the injection of 
red cells. A daily production of about 
145 hemolytic units/ml/day and a slow 
decline such as occurred after the 111th 
day would be expected with a titer of 
700 50% units/ml. 


DISCUSSION 


The present experimental findings 
have to be interpreted in the light of our 
previous findings that the Forssman 


and isophile antibodies in rabbit anti- 


anper cell serums are each composed 


of two fractions: one consisting of large 
the other of small molecules 
(Talmage et al, 1956b). The Forssman 


large and small 


and 
components are of 
related, if not identical, immunological 
specificity but differ in other character- 
istics. Thus, the large molecules are 
highly hemolytic whereas the small ones 
are only slightly if at all hemolytic. 
The large ones, during electrophoresis, 
mainly collect in the T globulin frac- 
tion, whereas the small ones chiefly 
the gamma _ globulin 
fraction, as ascertained by Stelos and 
Talmage (1956). The large ones have a 
molecular weight of about 900,000 ac- 
cording to the data of Paic (1939, see 
also Kabat and Mayer, 1948), whereas 


accumulate in 


the small ones, although not accurately 
determined yet, may be in the range 
found for most rabbit antibodies of 
157,000 to 165,000 (Kabat and Mayer, 
1948). Very little work has been done 


on various characteristics of the large 
and small molecules of the isophile 
antibody. Stelos and Talmage (1956) 
have reported, however, that the large 
hemolytic molecules occur mainly in the 
¥: rather than the T globulin fraction 
during electrophoresis. 

The half life of the large molecules is 
approximately 2.8 days for both the 
Forssman and isophile antibodies. This 
value can be accurately determined by 
hemolytic titrations because the small 
antibody molecules little 
‘f any hemolytic activity to the serum. 

Trace-labeling the globulin fraction, 
followed by absorbing the specific anti- 


contribute 


body and eluting with carrier antibody, 
yields eluates in which from 75 to 80% 
of the protein-bound I™ is attached to 
antibody (Talmage et al, 1954). The 
rate of disappearance of | after the 
passive transfer of such antibody gives 
an accurate measure of the half life of 
the antibody present. The disappear- 
ance of labeled antibody, however, ob- 
immune serum taken 
near peak hemolytic titer (fig. 2 and 4, 
dash lines and cf fig. 1 of Talmage et al, 


tained from an 


1956a) is probably not satisfactory as a 
measure of the half life of either small or 
large molecules because these serums 
mixture of both kinds of 
molecules. The use of immune serum 
obtained later when the large molecules 
have passed peak production and many 
have decayed (cf. fig. 1, Talmage et al, 
1956a) is preferable. With such serum it 
is remarkable that the half life of the 
Forssman 


contain a 


combining capacity (5.56 
+0.17 days in group 3) is practically 
identical with the half life of the isophile 
combining capacity (5.50+0.25 days 
and 5.60 +0.35 days in groups 5 and 6). 
All values together give a mean half life 
of 5.55+0.12 days for both types of 
combining activity. This figure may be 
close to the half life value for the small 
molecules of both types, but will have 
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to be regarded only as a minimal one 
until purer fractions are obtained. 

In a preliminary account of the pres 
ent work (1954), we reported that the 
rate of disappearance of I"'-labeled an- 
tired-cell serum was longer than Forss- 
man hemolysin and implied that the 
isophile hemolysin had a longer half life 
than the Forssman hemolysin. Further 
work led to the separation of the two 
components of each type of antibody, 
and we now realize that the longer half 
life was due to the presence of dispro- 
portionate amounts of the small rela- 
tively nonhemolytic molecule of the iso- 
phile type (Talmage et al, 1956a). 

W. H. and L. G. Taliaferro (1950) 
found that the fall of hemolysin titer 
following peak titer in actively immu- 
nized rabbits increased in rate as the 
antigen dose was decreased. They as- 
sumed that antibody production in ani 
mals receiving a small dose (2 X10’ or 
210" red antigen stopped 
shortly after peak titer and that the 


cells) of 


rate of antibody decrease in such ani- 
mals was a measure of the rate of meta- 
bolic decay. The mean half life of hemol- 
ysin obtained from 25 rabbits was 5.5 
days. This figure is too high in the light 
of the present work and can be explained 
by the fact that the rabbits continued to 
synthesize appreciable amounts of anti 
body, particularly through the activity 
of nonsplenic sources (cf. a review of the 
evidence by Taliaferro, 1955). In this 
connection it is interesting that the low- 
est limiting figure of 3 days which they 
found is approximately correct. In con- 
trast, Dixon et al (1952) found that the 
titer of bovine-y-globulin (= BGG) an- 
tibody, following peak titer in the ac- 
tively immunized rabbit, fell at a rate 
similar to the expected rate of meta- 
bolic decay. Thus, the apparent half 
life of serum antibody for five rab- 
bits was 5.1+0.7 during 10 to 17 post- 
immunization days. This finding would 


indicate that very little antibody to 
BGG is synthesized after peak serum 
titer is reached. The difference in the 
rate of antibody formation to BGG fol- 
lowing peak titer and to the Forssman 
antigen may reflect the difference in the 
persistence of a protein antigen and a 
carbohydrate (cf. 
1953). 


Our results indicating that immuniza- 


one Heidelberger, 


tion has little if any effect on the meta- 
bolic degradation of antibody are in es- 


sential agreement with those of Hum- 
phrey and McFarlane (1954) who stud- 
ied antipneumococcus (type III) anti- 


body in the hyperimmunized rabbit. 
The question arises as to whether the 
large and small antibody molecules in 
each type of antiserum are metabolically 
related. Specifically, the 


molecules anabolically assembled 


are small 
into 
the large or, contrariwise, do the small 
molecules arise as degradation products 
from the large molecules? Neither proc 
ess seems likely in view of the long pe- 
riod of linear decay of both the hemo- 
lytic after 
the smaller 


and combining activities 


passive transfer. Thus, if 
molecules, provided they occurred in ap 
preciable numbers, were being assem 
bled into large ones, the hemolytic com- 
ponent would be augmented less and 
less due to the decrease in small mole- 
cules. This situation would result in a 
sigmoid decay curve of hemolytic activ- 
ity. With the reverse process, the com 
bining decay curve would be sigmoid. A 
definitive answer to these questions 
awaits further work. 

Our studies on the initial equilibra- 
tion period indicate that less of the 
the 


large hemolytic molecules of anti-red 


Forssman component containing 
cell antibodies leaves the blood stream 
and that the period itself is shorter than 
for either type of the smaller molecules 
or for anti-HGG antibody. That the iso- 


phile component containing the large 
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hemolytic molecules may hold an inter- 


mediate position is questionable and 
needs more work, 


CONCLUSIONS 


1. Rabbit antibodies to sheep red 
cells or to heated sheep red cell stromata 
were studied following passive transfer 
of appropriate antiserums to nonim- 
munized rabbits. There were 4 antibod- 
ies involved, i.e., those of Forssrnan and 
isophile specificity, each of which con- 
sists of 2 components containing large 
relatively non- 
hemolytic molecules. The disappearance 


hemolytic and small, 
of passively transferred antibody was 
followed by immunological titrations of 
50% hemolytic units and of 50% com- 
bining units or by radioactivity deter- 
which before 
trace-labeled with 
I and purified by specific elution from 
red cells. 


minations of antibody 


transfer had been 


a. The biological half life of the hemo- 
lytic activity associated with the large 
antibody molecules of both Forssman 
and isophile specificity was the same, 
i.e., 2.81+0.12 days for Forssman and 
3.0 + 0.33 days for isophile. 

b. The half life of the small antibody 
molecules of both the isophile and Forss- 


5.55+0.12 days. 


man type was about 
This figure, however, may be too small 
as the antiserums contained some large 
molecules, 

c. Determinations of half lives by 
specific radioactivity gave essentially 
the same results as determinations by 
serological methods. 

d. Active immunization had little, if 
any, effect on the metabolic degradation 
of passively transferred hemolysin. 

2. The biological half life of rabbit 


antihuman-y-globulin serum when pas- 
sively transferred to rabbits as followed 
by I'"-label was 5.68 + 0.11 days. 


slow rate of 
metabolic decay and a small molecular 


3. Antibodies with a 


weight showed mean initial equilibration 
periods of 1.1 to 1.8 days during which 
up to 60% of the antibody left the blood. 
In marked contrast, those with a high 
rate of metabolic decay and a large 
molecular weight showed shorter equil- 
ibration periods during which less anti- 
body disappeared from the blood. 
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EXPERIMENTAL INFECTIONS OF NATIVE ANIMALS WITH 
PASTEURELLA TULARENSIS 


GORDON STAGG, WILLIAM S. TANNER, AND JOHN LAVENDER 


During the period July 18 to Septem- 
ber 9, 1952, sporadic epizootics in parts 
of the Great Salt Lake Desert were asso- 
ciated with the presence of tularemia in 
native Pasteurella tularensis 
was cultured from ectoparasites (ticks, 
fleas, lice) of the black-tailed jackrabbit, 
Lepus californicus, the antelope ground 
squirrel, Citellus leucurus, and the white- 
footed deer mouse, Peromyscus manicu- 
latus (Woodbury and Parker, 1953). The 
relationship between tularemia and the 


animals. 


epizootics was not clearly revealed nor 
has it been fully clarified in the literature 
(Foshay, 1950). How the pathogen is 
maintained in the native fauna, how it 
is transmitted from animal to animal, 
and how it reappears from time to time 
are questions at best only partly under- 
stood, 

Records of animals naturally infected 
with tularemia are given by Burroughs 
et al (1945). Since the relative suscepti- 
bility of the various animals listed is not 
known, the present study of experimen- 
tal undertaken, using 
native animals of the Utah West Desert 
area. 


infection was 


METEODS 


Experimental animals were either reared or 


held after trapping. Infections were induced by 
(1) 


(2) contaminated food, and (3) aerosol exposures. 


three methods subcutaneous inoculations 
Inoculation doses of 50 to 1000 virulent organisms 
(guinea pig LD value, 1 organism) were em- 
ployed. Contaminated food was provided by 
wetting cereals and carrots with a suspension 
10° 


using approximately 1 ml/carrot and 1 ml/per 


containing approximately organisms/ml, 
square inch patty of cereal. 


Aerosol exposures for small rodents were pro- 


vided in an exposure tube similar to the Hender 


) 
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son tube (Henderson, 1952) in which the dosage, 
calculated by breathing rate, approximated 500 
organisms per animal. The cloud was generated 
from a Wells all-glass atomizer (Navy type) under 
a pressure of 10 to 12 pounds per square inch. A 
negative pressure was maintained in the exposure 
tube by using two all-glass impingers at the op- 
posite end of the tube, each having a critical 
orifice which allowed 12.5 liters of air per minute 
to pass through a gel saline solution. A vacuum 
equal to 15 inches of mercury was maintained at 
the impingers. 

The larger animals (coyotes and rabbits) were 
exposed in an improvised chamber fashioned 
from a 15-gallon drum wkich was substituted for 
the smaller exposure tube in apparatus already 
described 

After exposure, the animals were observed for 
varying periods up to 43 days for the develop- 
Blood taken from 
coyotes before and after exposure was treated 


ment of symptoms or death 


and used in serological studies; agglutination 
titers were recorded as the reciprocal of the high- 
est dilution showing 2-plus agglutination. Follow- 
ing death, animals were autopsied and observed 
for gross pathology. Spleen, liver and heart cul 
tures were made on blood cysteine glucose agar 
Liver, spleen, lymph node and heart and lung 
tissue samples were taken for histopathological 
studies. 


EXPERIMENTS 


The experimental a~imals were: black- 
tailed jackrabbit, Lepus californicus des 
erticola; antelope ground squirrel, Cilel- 
lus leucurus leucurus ; long-tailed pocket 
mouse, Perognathus formosus incolatus ; 
Ord kangaroo rat, Dipodomys ordii pal- 
lidus; chisel-toothed kangaroo rat, D. 
microps bonnevillei; deer mouse, Pero 
myscus maniculatus sonoriensis; desert 
wood rat, Neotoma lepida lepida; and 
the coyote, Canis latrans lesles. 


Infection by inoculation 


Fourteen native animals of three spe- 
cies and four guinea pig controls were in- 
fected with a virulent strain of Past. 
tularensis (Schu). The results show that 
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TABLE 1.—Tularemia mortality by subcutane- 
ous injections with 50 organisms of 
Past. tularensis. 


Infected Deaths 
total per 
number Day of death 


exposed 4th Sth 6th 


Species 


Ord kangaroo rat 
Chisel-toothed kangaroo rat 
White-footed deer mouse 
Guinea pig (controls 


all died between the 4th and 6th day fol- 
lowing inoculation (table 1). 
the 


Tissues 
from dead animals were culture- 
positive. 

An attempt was made to follow the 
progress of infection in 50 deer mice in 
fected with a 20-fold higher dose (1000 
cells), but death of all the animals by 
the 4th day limited the study to this 
period. At autopsy, the animals were ob- 
served for gross pathology. Positive iso 
Past. tularensis was obtained 
Table 2 


illustrates the progress of infection ob 


lation of 


from each of the dead animals. 


served using four infected and one unin- 
fected control animals per day during 
a 4-day period. This table is interpreted 
to mean that the disease acts rapidly 
enough to prove fatal before serological 


resistance can be developed. 
Infection by contaminated food 
Eighteen native animals of four spe 
cies and four guinea pig controls were 
TABLE 2 


Days 
after 
exposure 


Date 


Spleen slightly enlgd 
Spleen and liver normal 
Spleen and liver normal 


Spleen enlarged; liver dark 
and liver normal 


Spleen 


TABLE 3.—Past. tularensis infections by 


contaminated food 


Inoculated 


) s 
Death controls 


Infected 


Total per Day of 
number death 
fed 


Total per 
number 


4th Sth killed 


Ord kangaroo rat 

Chisel-toothed kanga 
roo rat 

White-footed deer 
mouse 

Desert wood rat 

Guinea pig controls 


given contaminated foods as described. 
Only two of the chisel-toothed kangaroo 


the 
There is no evidence that the 


rats contracted disease and died 


(table 3). 
others became infected. Control animals 
50 VV 


ganisms from the same source died of 


inoculated subcutaneously with 


infection. 


Infection by aerosol exposures 


Twenty-eight animals of four species 
of native rodents and six guinea pig con- 
trols were exposed to aerosols in the 
small tube exposure chamber, and three 
male coyote pups, one black-tailed jack 
rabbit and six guinea pig controls were 
exposed in the modified drum chamber 
(tables 4 and 5). 


DISCUSSION 


All infected rodents and rabbits suc 
cumbed in 3 to 6 days. No difference in 


Progress of tularemia infection in white-footed deer mice 


Pathology 


Spleen 


liver enigd 


Spleen mottled; liver normal 
Spleen enlgd. & mottled; liver normal 
Spleen enigd. & mottled; liver dark 

9 2 Spleen enlgd. & mottled; liver normal 


9 10-C Spleen and liver normal 
10 1 
10 i 
10 1 
10 1 
10 15-C Spleen and liver normal 


1 Spleen very large; liver normal 

2 Spleen enlarged; liver normal 

3 Spleen enlarged; liver normal 

4 Spleen enlarged & positive, other tissue and liver soft 
5 


Daily developments of the disease in 50 Peromyscus maniculatus after subcutaneous inoculation at 10 a.m., Sept. 7, 1954 
with 1000 organiems each. Four infected animals and one control were sacrificed each day. All infected animals were dead 
before 9 a.m., Sept. 11. Agglutinin titers were all negative. C control. 
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TABLE 4.——Past. tularensis infections by 


aerosols. 
Deaths 


Infected 


Dose 
inhaled 


Day of 


Species death 


Total per 
number 


4th Sth  ‘*posed 


Black-tailed jackrabbit ° i 1/t 
Antelope ground squir 

rel 500 5/5 
Ord kangaroo rat 500 5/5 
Long-tal pocket 

mouse 500 6/6 
White-footed deer 

mouse 500 12/12 
Guinea pig controls 500 6/6 
Coyote pups ° 3/37 
Guinea pig controis 500 6/6 


* Dose not calculated; cloud concentration similar to that 
used on rodents 

1 Appearance of agglutinating antibocies taken as pre 
sumptive evidence of infection 


the susceptibility of the native animals 
and the control animals was apparent. 
The rapid progress of infection in deer 
mice, terminating by the 3rd day, was 
indicative of a dosage so overwhelming 
as to terminate fatally before any ag- 
glutination reaction was measurable. 
The failure to infect 20 of 22 native 
rodents and guinea pigs given contami- 
nated food raises several questions relat- 
ing both to the survival and virulence of 
the agent and to the host mechanisms 
of resistance. These questions include: 
(1) Was the dosage sufficient to consti- 
tute a minimal infection dose? (2) Did 
the contaminating organisms survive to 
enter the digestive tract? (3) Was the 
virulence impaired by drying on the food 
(100% infection by the same organism 


TABLE 5,—Past. tularensis agglutination 
reactions in coyotes exposed to aerosols. 


Days 
alter 
exposure 2 


Coyote 


0 
10 
4 
18 
20 
24 
42 
43 


There was no cross agglutination with Brucella suis anti 
gen. 


via inoculation and aerosol exposure) ? 
(4) Did the organism survive in the 
feces? (5) What role, if any, might endo- 
parasites play in opening the intestinal 
wall to infection? 

The results of the coyote exposures 
are in decided contrast with the experi- 
ments of Parker (1926) in which 3 coy- 
ote pups fed on Belgian rabbits and 
guinea pigs dead of tularemia, died at 
53, 22 and 13 days respectively, after 
the first feedings. In these, low aggluti- 
nation reactions (1:40 to 1:320) were ob- 
served between 2 
exposure. 

As shown in table 4, the three coyote 
pups survived aerosol exposure. That all 
three were infected by aerosol shown to 
be lethal for rodents is indicative that 
the coyote is less susceptible to tula- 
remia than rodents. Coyote no. 3 showed 
no recognizable symptoms of disease at 
any time, but no. 1 and no. 2 did, and 
all three showed serological reactions 
(table 5). 

Coyote no. 1 appeared in good health 
when the study began. Three days after 
exposure, he became listless, his reflexes 
were slower, his breathing shallow and 
irregular, and his fur became raised and 
rough. From the 3rd to 19th day he did 
not eat well; he became more inactive 
and emaciated. From the 4th to 8th 
days, there was a fever present. On the 
20th day the food was changed from 
prepared dog foods to freshly killed 
healthy guinea pigs, and the coyote 
gradually recovered his health. 

Coyote no. 2 was listless and had a 
poor appetite even before infection. Its 
response to infection was much less pro- 
nounced than no. 1, but more so than 
no. 3, which gave no outward appear- 
ance of being infected. The serological 
responses given in tables 4 and 5 indi- 
cate that all three responded to the 
infection with agglutination reactions. 


and 3 weeks after 





EXPERIMENTAL INFECTIONS OF PAST. TULARENSIS 


SUMMARY 


All rabbit and rodent specimens ac- 
tually infected with Pasteurella tularen- 
sis died within 3 to 5 days. This mor- 
tality indicates that the organism used 


in the experiments was sufficiently viru- 


lent to cause death before the physio- 
logical defenses of the host could be 
mobilized. Failure to infect 20 out of 22 
rodents via contaminated food is not ex- 
plained by the experiments. 

Two of three coyote pups exposed to 
aerosols of Past. tularensis showed ob- 
vious symptoms of infection, and all 
three showed serological evidence (ag- 
glutinin titer) of infection. Obviously 
they are less susceptible to tularemia 
than rodents. 
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EFFECTS OF HYPOXIA AND INTERCURRENT INFECTIONS ON 
INFECTIONS BY PLASMODIUM BERGHEI IN RATS 
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From the Department of Pharmacology and Toxicology of the University of Wisconsin, 
Madison, Wisconsin 


Studies of infections by Trypanosoma 
in rats and Plasmodium cathemerium in 
canaries under the conditions of stress 
caused by an environmental reduction 
in of oxygen have been re- 
ported.'~* They have demonstrated that 
the defensive 
significantly 


tension 


mechanisms are 
diminished by hypoxia 
corresponding to that of altitudes of 
19,000 feet or greater. The investiga- 
tion reported herein was undertaken in 
order to determine whether or not there 


host's 


occurs a significant alteration of para- 
sitemia in the albino rat infected by 
Plasmodium berghei under the adverse 
conditions of (a) an atmosphere defi- 
cient in oxygen such as in a low-pressure 
chamber and (b) an added intercurrent 
infection by another protozoan, namely 
7’. lewist. 


MATERIALS AND METHODS 


Adult male or female Sprague-Dawley rats 
weighing from 90 to 110 g were used in the fol- 
lowing studies. The strain of P. berghei was ob- 
tained from Dr. G. R. Coatney of the National 
Institutes of Health, and was maintained in 
white rats or mice and transferred at 7- to 10-day 
intervals by intraperitoneal inoculations. The 
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strain of T. lewisi was kindly supplied by Dr. 
Lysenko of our department of Medical Micro- 
biology. The decompression chamber with its 
modifications has been previously described.‘ 

Blood for stained films was obtained from the 
tail vein of the rat. The films were air-dried, fixed 
in methyl alcohol, and stained with Kingsley 
stains.’ At least 500 erythrocytes were counted 
and the number of cells containing one or more of 
the plasmodia were noted and reported as per- 
centage of parasitization of erythrocytes. Pluri- 
parasitism was of equal degree in the hypoxic and 
control groups so we have considered an erythro- 
cyte to be infected if one or more parasites had 
entered the stroma of the cell. 


EXPERIMENTAL 


In figure 1 may be seen the courses 
of infection which were charted on two 
rats (no. 10 and 11) which were placed 
in the decompression chamber immedi- 
ately after an intraperitoneal inocula- 
tion of a saline suspension calculated to 
contain 4.5 X 10° organisms of P. berghei. 
The pressure within the chamber was 
slowly reduced through a period of 18 
to 24 hours to a simulated altitude of 
19,000 to 20,000 teet and maintained at 
this pressure for the duration of the 
experiment. The courses of infection 
were also charted for two rats (no. 12 
and 13) that received the same amount 
of this protozoal inoculum but were 
maintained under normal atmospheric 
conditions (alt. 860 ft.) of the room 
throughout the period of infection. 

The resultant infections of the hypox- 


4. Loehning, R. W., Zapata-Ortiz, V., Hughes, 


F. W. and Tatum, A. L. 1953, Effects of 
cocaine on rats subjected to low tensions of 
atmospheric oxygen. J. Pharmacol. & Exper. 
Therap. 108: 80-86. 

. Kingsley, D. M. 1935, A new hematological 
stain. I. Constituents and methods of use. 
Stain Technol. 10: 127-133. 
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Fic. 1. 
with P. berghei in room atmosphere and under 
conditions of simulated high altitude. Animals 
were exposed to hypoxia on Ist day of infection 
altitude”’ thereafter. 


Degree of parasitemia in rats infected 


and maintained at this 


ic rats were more sudden in onset, rose 
to a higher degree and at a more rapid 
rate than those of the control rats in 
room atmosphere, and, furthermore, this 
resultant high degree of parasitemia was 
maintained for a longer period and 
proved to be lethal for both hypoxic rats. 

The immune responses appear to be 
adequately established after the critical 
peak of parasitemia occurs. After this 
point, if the infection in rats begins to 
decrease there is usually a post-climactic 
progressive decline leading to apparent 
negativity. Twelve rats were therefore 
that 
days previously, each with the same 


selected had been inoculated 10 
calculated number of organisms. When 
the degree of parasitemia was in a state 
of progressive decrease, nine of these 
the “altitude” 

pressure 


rats were placed in 
the 
slowly reduced through a period of 18 to 


altitude of 


chamber wherein was 


24 hours to a simulated 


19,000 to 20,000 feet and maintained 
the the 
experiment. The other three rats serv- 


at this level for duration of 


ing as controls were left in the normal 


air of the room for a similar period of 


time. The mean values of the percentage 
of parasitemia of each of these two 
groups are illustrated in figure 2. This 
graph demonstrates that the subjection 
of the a defi- 
ciency of oxygen effected a sudden, re- 


near-recovered rats to 
newed rise in parasitemia and then, as 
rapidly, a fall in the grade of infection. 
Two rats died after exposure to this 
simulated altitude for 4 days and one 
expired after 6 The graphed 


parasitic density illustrates that the re- 


days. 


and 
that the parasites were visible in the 


newed infection was _ short-lived 
blood only one day longer than in those 
that kept 


atmospheric conditions. 


rats were under normal 


Since the crisis has been defined as 


the transition from natural to acquired 
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animals were in post-climactic recovery stages of 


Exposure of rats to hypoxia when 


infections by P. berghei. 
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Mean degree of parasitemia by P. berghei in rats exposed to simulated altitudes at peak of 


infection as compared with rats maintained at room atmospheric conditions (860 ft.). 


immunity in avian malaria,’ a study was 
undertaken of the effect of inhibition or 
suppression of the defenses of the body 
by the stress of hypoxia, at the time of 
the crisis in infections by P. berghei. 
Twelve infected rats were put into the 
chamber and the pressure reduced to 
that of a simulated altitude of 19,000 to 
20,000 feet at the time at which they 
were at their highest level of parasitem- 
ia. Six control rats were kept in the nor- 
mal atmospheric conditions of the labo- 
ratory for the extent of the infection. In 
figure 3 are charted the mean values of 
infections of these two groups of rats. 
Each of the rats had originally received 
an equal amount of a saline-blood sus- 
pension of plasmodia. The simulated al- 
titude caused the death of 6 of the 12 
“altitude,” al- 
though there was no demonstrable alter- 


rats after 24 hours at this 


ation in parasitemia by this time. The 
hypoxic atmosphere within the chamber 


6. Taliaferro, W. H. and Mulligan, H. W. 1937, 
The histopathology of malaria with special 
reference to the function and origin of the 


macrophages in defense. Indian Med. Res. 


Mem. 29: 1-138, 


obviously produces effects which are 
additive to those of the anemia caused 
by the malaria, thus increasing the 
liabilities of each. Two other hypoxic 
rats died after 2 days in the chamber, 
at which time the mean value of para- 
sitemia had risen sharply to over 13 per- 
cent of the erythrocytes parasitized. 
The mean values of parasitemia of the 
control rats in the room were charted 
similarly, and it can be seen that there 
was the anticipated fall in parasitemia 
and a gradual transition to a state of 
negativity of the blood film by the 16th 
day. The parasitemia of the surviving 
hypoxic rats also decreased but the 
return to “negativity’’ did not occur 
until the 20th day of infection. 

If an protozoal infec- 
tion were subject to a similar defensive 


intercurrent 


mechanism as that against P. berghei, 
one would anticipate an increase in 
severity of infection of either one or the 
other or both of the protozoal infections. 
The response of the host to infections by 
T. lewisi has been studied very exten- 
sively by others. This flagellate pro- 
motes a response in the host which has 
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demonstrable humoral 


characteristics. 


Two antibodies 


demon- 
strated, one antireproductive and the 
other The intercurrent 
infections of 7. lewisi and P. berghei 
were 


have been 
trypanocidal. 


order to determine 
whether or not the resultant infection 


studied in 


by the one protozoan might be altered 
by that of the other. 
Three inoculated intra- 


rats were 


peritoneally with a suspension of P. 
berghei calculated to contain 5.410° 
organisms. Another group of six rats 
also received the same size of inoculum 
of P. berghei but in addition each animal 
received, also intraperitoneally, 1 cc of a 
suspension of 7. lewist containing an 
average of one trypanosome per high 
power microscopic field. Figure 4 illus- 
trates the mean courses of infection of P. 
berghei under each of these conditions. 
The rats infected with P. berghei alone 
reached a peak infection on the 8th day 
and this was followed by a gradual 


‘ 


return to a ‘negative state” by the 15th 


day of infection. The six rats infected by 
both P. berghei and by 7. lewisi had a 


definitely augmented grade of malarial 


parasitemia, which continued to rise 
beyond the time of the critical level of 
the controls and reached an extremely 
high level by the 15th day, at which time 
the singly infected controls were nega- 
tive. After this time there was a rapid 
drop in parasitemia, but two additional 
rats expired in spite of this apparent 
drop in the degree of infection. 

Figure 5 illustrates the mean degree 
of infection with only T. lewisi as com- 


pared with the doubly infected rats. 
There is no significant difference in the 
two 
groups until the 11th day of infection 
at which time the rats, infected with 7. 


lewist only, had 


mean parasitemic level of these 


a parasitemia which 
declined to a low level and continued to 
do so, while in the rats that had also 
with P. 
trypanosomemia had continued to in 
The previous (fig. 4) 
that at the the 
severity of infection with P. berghet, in 


been inoculated berghei the 


crease. figure 


illustrates same time 
the doubly infected rats was increasing, 
the rats infected with berghei alone con- 
tinued the downward phase towards 


recovery. As previously mentioned, one 
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Mean degree of infection by T. lewisi in dually infected rats (7. lewisi and P. berghei) and 


mean degree of infection in singly infected rats (T. lewis#). 


of the rats with the combined infections 
died on the 15th day and two on the 18th 
day of infection. Both groups of rats 
had approximately the same degree of 
parasitemia (7. lewist) by the 18th day 
of infection and 
further fatalities. 


thereafter, with no 


DISCUSSION 


Untreated infections with P. berghei 
in mice and in rats produce effects which 
are quite different quantitatively.’ In 
most mice a very high parasitemia of 
50 to 90 percent infection of erythro- 
cytes is reached and the infection usu- 
ally the death of the 
animal. In rats a different parasitemi 


terminates in 


response is observed. A high-grade infec- 
tion occurs in very young rats but the 
intensity of infection decreases with age 
only a 


so that infection 


usually develops in the older animals. 


low-grade 


Rats which recover spontaneously are 
resistant to reinfection and it is believed 


7. Thurston, J. P. 1953, Plasmodium berghei 


Exper. Parasitol. 2: 311-332. 


that the animals are truly immune and 
do not display a chronic infection since a 
transfer of blood to recipient mice or 
rats does not produce an infection. 

In infections of rats with P. berghez it 
has been demonstrated, as reported 
herein, that in the course of the infec- 
tion, the usual diminution of infection 
is delayed when the hosts are maintained 
in an hypoxic environment. As in the 


reported avian malarial studies,’ as well 


as in infections by T. lewisi,’ the placing 
of the animals infected with P. berghei 
into an atmosphere sufficiently deficient 
in oxygen will result in a higher grade of 


infection than is observed in rats in 
normal room atmosphere, An antibody 
has been demonstrated in this rodent 
malaria,* and it is possible that the 
prevention of the formation of this anti- 
body has been effected. However, the 
rapidly reactivated 
8. Vargues, R. 1951, Etude serologique de 
l'infection experimentale du rat 
Plasmodium berghei: disparition 
Presence d’anticorps fixant le complement. 
Compt. rend. Soc. de biol. 145: 1134-1136. 


infection in rats 


blanc par 


d'alexine. 
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with a declining parasitism must be 
then a prevention of the effective action 
of the formed antibody. This twofold 
explanation cannot be established or 
eliminated by the evidence presented 
in this work. We that 
occurs a functional depression of the 
reticulo-endothelial 


believe there 


system with sub- 
sequently lessened capacity for removal 
of these circulating malarial organisms, 
since an increase in the grade of infection 
developed when hypoxia was induced 
at various periods in the course of infec- 
tion. 

It is of interest to note that rats at 
the peak of their infection are immedi- 
ately affected when they are exposed to 
an atmospheric deficiency of oxygen. 
The rates of mortality of these rats 
high. Gingrich® re- 


were unusually 


ported that an injection of foreign 


erythrocytes, which was employed to 
block the phagocytic system, caused a 
sustained level of parasitemia when this 


was done at the time of, or after, the 


crisis in avian malaria. He found little 


or no effect by blocking the reticulo- 


endothelial system with foreign cells, 


if this were done during or before the 


acute rise of infection, and _inter- 


preted this to be evidence that phago- 


cytosis is not an important factor in 
natural immunity but comes into play 
only in the acquired immunity to avian 
malaria. The untoward effects of a re 
duced tension of oxygen, which we have 
observed in avian as well as in rodent 
malaria, are producible during the rise 
of infection, at the crisis, or even during 
the fall of parasitemia, and we interpret 
these observed effects to be most likely 
due to an inhibition of the same defen- 
sive mechanism of the host. 


9. Gingrich, W. D 
tosis in natural and acquired immunity in 


avian malaria. J. Infect. Dis. 68: 37-45. 


1941, The role of phagocy- 


The effects which we have observed of 
dual infections of P. berghei and T. 
lewisi further emphasize that a common 
factor in the hosts is responsible for the 
physiological defense against these dif- 
ferent protozoal organisms. In_ these 
infections of 
the 


infection seemed to be more enhanced 


studies with intercurrent 


P. berghei and T. lewisi malarial 
than that of the flagellate. However, 
the parasitemic levels of both infections 
were increased, and hence one cannot 
say explicitly whether either or both of 
the two infections proved to be the cause 
of death of the animals that died under 


these conditions. 


SUMMARY 


1. Continued of rats to 
simulated altitudes of 19,000 to 20,000 
feet, beginning 


exposure 


at the time of inocula- 
tion, shortens the time for the appear- 
ance of the organisms of Plasmodium 
berghei in the peripheral blood, when 
compared to the time required under 
The 


enhanced 


normal atmospheric conditions. 


resultant infection has an 
grade of parasitemia as well as an in- 
creased mortality rate. 

2. Rats infected with P. berghei are 
similarly more severely affected if they 
are placed in an atmosphere of low con 
at the 


are at the peak of their in- 


centration of oxygen time at 
which they 
fection. 

3. Rats which have nearly recovered 
with P 


respond to induced hypoxia with a sec- 


from an infection berghei will 
ondary rise in parasitemia and a higher 
percentage mortality 

4. Intercurrent infections of P. berghei 
and Trypanosoma lewisi have the effect 
of significantly increasing concurrently 
the grade of infection of each of the 
organisms resulting in a higher mortality 
rate than in instances of either of the 


infections alone. 





HOST-PARASITE RELATIONSHIP IN EXPERIMENTAL PERTUSSIS 


1, HISTAMINE-SENSITIZING AND PROTECTIVE ACTIVITIES OF PERTUSSIS VACCINE 
IN MICE 


CHARLES W. FISHEL 


From the Department of Microbiology, The 


In recent years the attention of 
many investigators has been directed to 
the study of various biochemical changes 
produced in the host's metabolic sys- 
tems following parasitic invasion, and 
with subsequent attempts to reduce to 
a biochemical basis the conflict between 
the host and the parasite. 

In 1948, Parfentjev and Goodline! re- 
ported that the natural resistance of the 
white mouse to histamine was pro- 
foundly lowered following the inocula- 
tion of Hemophilus ( Bordetella)’ pertus- 
sis. This phenomenon appeared to be 
particularly well suited for the investi- 
gation of the relationship between al- 
tered host reactivity and the pathogen- 
esis of an infectious disease. First, it is a 
specific reaction both with respect to the 
host and to the parasite. The mouse is 
the only experimental animal in which 
this phenomenon has been demonstrated 
and, even in this host, there occur sex* 
and strain‘ differences in developed his- 
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tamine hyper-reactivity. The pertussis 
microorganism must be in the smooth, 
phase 1 form® and is unique with respect 
to degree’ in its ability to elicit this his- 
tamine response of the host. Secondly, 
it has been shown that histamine hyper 
reactivity can be induced by either the 
live, virulent’ or the killed microorgan- 
isms. Thus, the host changes can be 
studied both in the presence and in the 
absence of active infection. Thirdly, the 
phenomenon may be of practical signifi- 
cance, possibly involved in the immuni- 
zation side effects; there have been at 
least 60 well authenticated cases of en- 
cephalopathy following the usual im- 
munization procedures.*'° There may 
also be a correlation between this de- 
crease in resistance of the mouse to his- 
tamine and the paroxysmal stage of the 
disease process in human infection. 
The following reports revolve around 
the problem of the relationship between 
the pertussis-induced histamine hyper- 
reactivity and the immunity or patho- 
genesis of the disease. It is proposed to 
use the term “‘hyper-reactivity” in place 
of “hypersensitivity” for, as will be 
demonstrated, this state is not depend- 
ent upon antibody production, at least 
of the protective type. This problem 
may be approached in a variety of ways. 
In the present studies, there has been no 
5. Halpern, B. N. and Roux, J. 1949, Compt. 
rend. Soc. de biol. 143: 923-927. 
6. Kind, L. S. 1951, J. Immunol. 70: 411-421. 
. Pittman, M. 1951, Proc. Soc. Exper. Biol. & 
Med. 77: 70-74. 
. Byers, R. K. and Moll, F. C. 1949, Pediatrics, 
1: 437-440. 
. Globus, J. H. and Kahn, J. L. 1949, J.A.M.A 
141: 507-509. 
. Toomey, J. A. 1949, J.A.M.A,. 139: 448-450. 
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attempt to fractionate the bacteria into 
endotoxin and other cell substances dif- 
ferentiable by serological and pharma- 
cological methods. Rather, attention has 
been directed toward an investigation of 
the host response. Two hypotheses were 
formulated: (1) the histamine hyper- 
reactivity of the mouse following the 
intraperitoneal inoculation of pertussis 
vaccine is the result of a direct action of 
a bacterial substance or substances upon 
the metabolic 
processes; or (2) this effect is indirect, 


host’s tissue and/or 
mediated through the immune responses 
of the host. If the first hypothesis were 
the 


metabolic processes could possibly result 


operative, interference of host's 
in the accumulation or disappearance of 
low molecular weight substances such 
as the amino acids. Therefore, it was 
proposed that chromatographic analysis 
of various tissue extracts following im- 
munization or infection could be useful in 
the establishment of metabolic changes, 


if any, and of the possible relationship 


between histamine hyper-reactivity and 
The this 
chromatographic study will be presented 
in a future report. 


these alterations. results of 


The results of investigations based on 
the 2nd hypothesis will be presented in 
the following report. It was of primary 
concern to establish the independence of 
the histamine hyper-reactive state and 
conferred protection. This was achieved 
in immunized mice who were resistant to 
intracerebral challenge inoculation of 7. 
pertussis, and in mice following a sup- 
pression of the immune responses by 
preimmunization total body X irradia- 
tion. Evidence will be presented which 
demonstrates that the lowering of the 
resistance of the mouse to histamine fol- 
lowing immunization with pertussis vac- 
cine is, most probably, the result of a 
direct action of a bacterial substance, 
and is not mediated through the immune 
responses of the host. 


MATERIALS AND METHODS 


Mice.—White Swiss, female mice of a pen bred 
Porton-Woods, Inc. 
Wheaton, Illinois were used in all experiments, 


strain, obtained from 
At the beginning of each experimental period, 
they were approximately 4 to 5 weeks old with 
and average weight of 14 to 16 g. So far as sus- 
ceptibility to H. pertussis is concerned, these ani- 
mals were highly uniform. 

Vaccine (Eli Lilly 
Company) fluid, V-1035 vaccine, was used in all 
his 


sisted of an unwashed saline suspension of the 


Commercially prepared 


immunization experiments vaccine con- 
microorganisms, killed with 0.1% formalin and 
preserved with merthiolate. As dispensed, this 
vaccine contained 50 10° organisms per ml 

H. pertussis 


18-323 was maintained in the lyophilized state 


The standard challenge strain 


and, previous to each experiment, was cultured 
on Bordet-Gengou medium for 48 hours and then 
subcultured to either Bordet-Gengou or char 
coal" medium for 24 hours. Inocula prepared 
from this uniformly in the 
smooth, phase 1 state of maximal virulence and 


subculture were 


immunogenic potency 
Aerosol induced infection The cloud chamber 
utilized for the induction of infection was that 
described by Weiss and Segeler'* and by Gogo- 
lak.“ The only alteration was to adapt the ex- 
haust system which operated the sampling im- 
pingers under 4 atmosphere pressure to function 
without the subsequent interference with hy- 
grometer readings. Experimental studies of the 
effect of humidity on particle size and nominal 
recovery of viable organisms indicated that, with 
salt-free veal infusion broth as the suspending 
medium, humidities below 35% did not play a 
significant role on the nominal recovery but were 
important in the determination of particle size 
as measured by the Cascade impactor.“ It has 
been demonstrated by Sonkin™ that lower res- 
piratory infections following the inhalation of 
streptococci were due mainly to particles smaller 
than 1.8 w. VanWijk and Patterson" have shown 
11. Ensminger, P 
Powell, H 
268 
Weiss, E. and Segeler, J. C 
Dis. 90: 13-20 
Gogolak, F. M. 1953, J. Infect. Dis. 92: 240 
272 
Sonkin, L. S 
28: 269-272 
. Sonkin, L. S. 1951, Am. J. Hyg. 53: 337-354, 
VanWijk, A. M. and Patterson, H. W. 1940, 
J. Ind. Hyg. Toxicol. 22: 31-33 


G. and 
93: 266 


W., Culbertson, C 
M. 1953, J. Infect. Dis 


1952, J. Infect 
1946, J. Ind 


Toxicol 


Hyg 
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that retention of particulate matter in the res- 
piratory tract was approximately proportional 
to the square root of the particle diameter and 
that a critical stage occurred between 0.2 and 
0.4 » where the particle was retained the least. 
Leif!’ retention of 
Pasteurella pestis in the lungs of mice and con- 


Goldberg and studied the 
cluded that approximately 30% of the calculated 
dose was retained when the parti le sizZe Was l 0 
w in diameter, Preliminary experiments with the 
Cascade impactor demonstrated that, with hu- 
midities of 18 to 28%, the particle size ranged 
from 0.7 to 4.8 » with the majority being of the 
order of 1.0 uw. 

From the above data it was concluded that, for 
maximum recovery of viable H. pertussis cells 
and optimum particle size for retention, the fol- 
lowing conditions be applied in all aerosol ex- 
periments: 

1. Flow through the chamber, 50 liters of air 

per minute 
Relative humidity, 18 to 28% 
Air pressure through atomizer, 10 p.s.i 
Fluid flow of atomizer, 0.5 ml per minute. 
Pressure inside the chamber, 1 to 2 
inches of water 
Impinger values indicated that, under the above 
viable H 


To calculate the dosage 


conditions, the nominal recovery of 
pertussis cells was 45.8%, 
of the aerosol exposed mice, Goldberg and Leif's 
value of 30% retention was applied to the above 
value. In this manner, the actual dose was 13.7% 
of the calculated bacterial content per ml of air 
in the chamber, 

rhe respiratory volume of the mouse was calcu- 
lated as 1.25 ml per minute per gram of body 
weight.'* 

The culture for the aerosol experiments was 
prepared by growing the cells from the lyophilysed 
state for 48 hours on Bordet-Gengou agar, the 
cells suspended in saline and transferred to 400 
ml of the charcoal medium without the addition 
of agar. This was placed on a shaker, agitated 
sufficiently to keep the charcoal in suspension 
37 C for 24 hours. The culture 
was filtered through cotton, centrifuged at 4000 
<w for 40 minutes at 0 C. The sedimented cells 


and incubated at 


were resuspended in salt-free veal infusion broth 
to one-tenth of the original volume. The mice 
were exposed in individual open wire cages with 
the maximum number in any single operation be- 


ing 120. Viable cell counts of the reservoir ma- 


17. Goldberg, L. J]. and Leif, W. R. 1950, Science, 
112: 299-301 

18. Rosebury, Theodor 1947, Experimental Air- 
borne Infection, Baltimore, Williams & Wil- 
kins Co, 


terial before and after atomization indicated that 
the dosage was constant during the exposure 
period. 

Intracerebral inoculation.—The procedure for 
the intracerebral inoculation of mice was identi- 
National 
Institutes of Health'® for challenge in the testing 


of the potency of pertussis vaccine. The LDyg for 


cal with that as recommended by the 


the mice used in these investigations was found 
625 viable H. pertussis 
strain of 


to be approximately 
this 
quately susceptible to infection induced via this 
The 1.010 dilution of the culture con 
tained in the range of 25 to 100 LD y's; if a faster 


cells. Therefore, mice was ade- 


route 
death rate was desirable, the 10° dilution was 


The mice were held for 14 days after the 


challenge inoculation unless noted otherwise 


utilized 


There were no visible signs of infection during 
the first 3 days following the intracerebral inocu- 
lation of 25 to 175 LDy viable cells. The first 
symptoms to develop were inactivity, ruffled 
fur and “humpiness.”’ The next stage was char- 
acterized by paralysis of the hind quarters fol 
lowed by a general loss of muscular control. In 
the final stages before death, the head appeared 
to be greatly enlarged due to edema. The animal 
was very hunched, unable to stand, and with 
muscular control completely absent. Autopsy re 
vealed serious brain damage; the consistency of 
the tissue was so altered that it was quite difficult 
to remove the brain in toto from the skull 

Immunization.—The routine procedures'® for 
the intraperitoneal inoculation of pertussis vac- 
cine were followed and, where it was necessary to 
vary the number of cells in the dose, dilutions 
were made in physiological saline in order to 
rhis 


strain of mice developed hyper-reactivity to 


maintain a constant inoculation volume 
histamine which was maximal 5 days following 


immunization and this reactivity was directly 
proportional to the number of cells used in the 
immunizing dose. These mice were also relatively 
resistant to the toxic effects of high doses of vac- 
cine for, in one experiment, 140 mice were im- 
munized with 2.510" cells with only 4 deaths 
occurring due to the toxicity of the vaccine 
Agglutination tests.—The 


pared by suspending the 24-hour 


antigen was pre- 
growth on 
Bordet-Gengou medium in 0.85% saline and add- 
ing formalin in a final concentration of 0.2% 
This standard antigen contained 1.010" cells 
per ml, 

To 0.2 ml of the serum dilution was added 0.3 
ml of the antigen, the tubes were shaken for 5 


19. Circular, 1952, National Inst. of Health 
Min. Req., pertussis vaccine, Ist Revision, 


Bethesda, Md. 
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ites and placed in a water bath at 56° C for 
3 hours. After incubation, the tubes were placed 
in the refrigerator overnight and the results read 
the following morning 

ensilivily to histamine rhe histamine LDyge 
was determined by the intraperitoneal injection 
of histamine diphosphate in sterile distilled water. 
Serial dilutions 
ard soluti 


per ml and the challenge doses were contained in 


to 2" were prepared from a stand 
n containing 30 mg of histamine base 
0.5 ml volume. The LD was expressed as the 

se required to kill 50% of 
inimals as, calculated by the moving averag« 
Thompson,” interpolation by Weil.” 
4 levels of challenge, 10 
used. Re 
? hour 


irradiation rhe 


ount of histamine ba 


mice per 
, wert ults could be read with ac 
ifter the inoculation of histamine 


mice were irradiated in 
|, ventilated plastic tubes arranged in a cir- 


g table The X-ray 


rated to deliver 59.7 r pet 


i rotati machine was 


minute with 0.25 
copper and 1.0 mm aluminum filters. The 
m the target to the center of the 
mouse was 70.5 cm. Preliminary experiments in 
dicated that a dose of 600 r would result in ap 
proximately 30% survival 14 days after irradia 

with no deaths occurring for the 

d also indicated that the immune 
host 
this dosage level. The 


used in all X-irradiation experiments 


response of the were greatly suppressed 


refore, a dose of 600 r 


EXPERIMENTS AND RESULTS 


Effects of the number of cell 
dose It demon 
strated by Munoz and Schuchardt' that, 


in the im- 


munizing has been 


in general, the decrease in resistance of 
mice to histamine following immuniza 
tion with pertussis vaccine was directly 
proportional to the number of cells used 
This observation was 


in the inoculum 


confirmed for the particular strain of 


mice used in the present studies, is 
shown in table 1 
mice, 40 


with 


Four groups of per group, 


were immunized various doses of 


vaccine and challenged with histamine 5 


days later Both injec tions were made 


intraperitoneally. Data in table 1 show 


that individuals immunized with 2.5 


0. Thompson, W. R 
120 
21.” Weil,"C. S, 1952 


1947, Bact. Rev. 11: 115 


siometrics, 8: 249-263 


PaBLe | Sensitivity of mice to histamine § 


days after immunization with various 


dosages of pertussis vaccine 
Number of « 


1 the m 


dose 


2 149- 0.418 
0.70 ) 2.240 8.540 
0.20 5 9.670-16.900 
600-20 900 
600 20.900 


x 10'* cells were approximately 60 times 
more sensitive to histamine than were 
the nonimmunized controls and this in 
crease was, within experimental limits, 
directly proportion il to the number of 
cells in the immunizing dose 

It was postulated that if the protec 
tive the 


then the protec 


and sensitizing properties ol 
vaccine were identical, 
tive activity, i.e the ability to elicit 
protec tive antibody response, ol a vac 
cine should decline proportionally with 
a dec rease in the sensitizing property in 
mice which were immunized with vari 


ous and decreasing numbers of cells. To 


test this postulate, a series of 3 experi 
One-hundred 


and fifty mice were divided into 5 equal 


ments were conducted 
groups. One group was immunized with 
2.510'° H. pertussis cells, a 2nd group 
with 0.710", a 3rd group with 0.2 
x10", a 4th with 0.0810", and the 
5th group was held as the nonimmu 
nized controls. Five days after the inocu 
the 


challenged intracerebrally with 25 LDgo's 


lation of vaccine, all 


Kroups were 
time between 
did 
rec ommende d 


Health,'? 


immunity 1s 


of the microorganism. The 


immunization and challenge 


not 
the interval 
by the National 


so that 


contorm to 
Institutes of 
the observed not 
directly comparable with that obtained 
by the standard method. The results of 
these experiments are given 
1 and 2. 

Figure 1 demonstrates that 


did the 


in figures 
not only 


highest dose of vaccine (2.5 


X 10'° cells) confer but slight protection 


within the 14-day experimental period 
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DAYS AFTER CHALLENGE 


Intracerebral challenge of pertussis vaccinated mice. Four groups of mice were immunized 


with various numbers of cells and challenged 5 days later with 25 LDgo's of H. pertussis. Another group 


similarly challenged served as nonimmunized controls. The percent of deaths was recorded for 14 days 


following the challenge inoculum. 


with less than 10% survival but also, 
for the first 6 days after challenge, mice 
immunized with this dose were more 
susceptible to the challenge inoculum 
than nonimmunized controls. A 
group comparison on the 6th day after 
shows that approximately 


84% of the controls were alive with 


were 
challenge 


only a 37% survival of those immunized 
with the highest dose of vaccine. This 
“optimal dosage’ phenomenon will be 
discussed in more detail later in this 
report. 


Figure 2 is a representation of the de- 


gree of protection conferred by the vari- 


ous doses of vaccine 14 days after the 
challenge inoculation, with the hista- 
mine LDygo determined on the 5th day 
following immunization. These data in- 
dicate that: (1) in confirmation of pre- 
vious results, the resistance to hista- 
mine after immunization with pertussis 
vaccine was directly proportional to the 
number of cells in the immunizing dose; 
and (2) the degree of protection, within 


limits, was neither correlated with the 
number of cells in the immunizing dose 
nor to the development of histamine 
hyper-reactivity. At the extremes, mice 
vaccinated with 0.08 X 10'° cells failed to 
develop a significant change in resist- 
ance to histamine and were comparable 
to the nonimmunized How- 
ever, 40% of the immunized mice at this 


controls. 


dosage level were protected against the 
challenge inoculation. At the other ex- 
treme, those immunized with 2.5 «10"° 
cells were extremely sensitive to hista- 
mine at the 5-day period, but only 5% 
were protected against the same chal- 
lenge dose. 

These results support the view that 
the histamine-sensitizing and protective 
phenomena as manifested in immunized 
mice are separable. However, these ex- 
periments do not rule out the possibility 
that the histamine hyper-reactivity is, 
at least in part, based upon antibody 
production. the effect of 
suppression of antibody formation by 


Therefore, 
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Comparison of conferred protection and developed hyper-reactivity to histamine. Hista 


mine L Dgo determined 5 days after vaccination, and the survival from figure 1, 14 days after challenge 


total body X irradiation was next studied. 

Effect of total body X irradiation.—lt 
was postulated that, if the sensitizing 
and protective phenomena were iden- 
tical, then suppression of the immune 
responses of the host should also result 
in the suppression of histamine-sensitiz 
ing property. 

A number of reports in literature (re- 
viewed by Taliaferro and Taliaferro” 
and by Dixon™) have shown that prein 
oculation total body X irradiation, un- 
der certain circumstances, is effective in 
suppressing or eliminating the active 
formation of antibody. 

Preliminary experiments demon- 
strated that preimmunization X irradi 
ation (600r) did not alter the time ele- 
ment involved for the development of 
the The 
maximum sensitivity was attained on 


histamine hyper-reactivity. 


the 5th day following immunization, re- 


22. Taliaferro, W. H. and Taliaferro, L. G. 1951, 
J. Immunol. 66: 181-21 


) 
23. Dixon, F. J. Talmage, D. W. and Maurer, 
P. H, 1952, J. Immunol. 68: 693-701. 


gardless of the pre-exposure to X irradi 
ation. 

In the following experiments, a 3-day 
period intervened between immuniza 
the 
pertussis. 


tion and intracerebral 
with This 


chosen for several reasons: (1) it 


challenge 
period was 
was 
desirable to complete the experiment be- 
fore significant radiation mortality had 
occurred; (2) it has been reported by 
Evans and Perkins’ that 3 days after 
the injection of pertussis vaccine, 70% 
of the mice were resistant to challenge 
inoculations of from 75 to 125 LDgo's: 
and (3) it is within this period that the 
development of histamine hyper-reac 

tivity first appears. 

For nonirradiated control 
105 3 equal 
groups. One group of 35 was immunized 
with 2.510" cells, a 2nd group with 
0.7 * 10° cells, with the 3rd group serv 
the 


Three days after the immunization of 


purposes, 


mice were divided into 


ing as nonimmunized controls. 


24. Evans, D. G. and Perkins, F. T. 1954, Brit 
J. Exper. Path. 35: 322-330 
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the 2 groups, all were challenged with 
63 LDso's of H pertussis The results of 
these experiments are shown in figure 3. 

No deaths occurred within the first 4 
days following the challenge inocula- 
tion. On the 5th day, before any of the 
controls were dying, approximately 
14% of those immunized with the larg 
est dose and 6% of those with the least 
dose of vaccine had expired. The im- 
munized mice were slightly more sensi- 
tive than the controls to the challenge 
for the first 5 days, and there was evi 
dence for the lack of protection for 7 
days in those mice immunized with the 
greater dose of vaccine. Thus, the “op- 
timal dosage’’ phenomenon was again 
demonstrable. The experiment was con 
cluded on the 10th day following the 
time 
80% of the mice which had received the 


challenge inoculation, at which 

largest dose of vaccine, and 50% of the 

other vaccinated group had expired. 
The effect of preimmunization total 


body X 


One-hundred 


was next studied. 
and fifty 


irradiation 


mice were ex- 


a ae ee 


o 
oO 


PERCENT DEATH 
b 
°o 





4 4. 


posed to an irradiation dose of 600r and 
divided equally into 5 groups. Twenty- 
four hours later, 1 group of 30 mice was 
2.5 10!" 
cells, 2 groups with 7.010* cells, the 


other 2 groups served as nonimmunized 


immunized with pertussis 


controls. Three days after immunization 
(4 days after irradiation), the group im- 
munized with 2.5 X10"° cells, one of the 
groups immunized with 7.0X10* cells 
and one of the nonimmunized control 
groups were intracerebrally challenged 
with 63 LDgo's of the HZ. pertussis with 
the percent of deaths recorded over the 
following 10-day period. Concurrently, 
in an independent experiment, the sensi 
tivity to histamine of the following 
groups was determined: (1) irradiated, 
immunized with 7.0 10° cells; (2) non 
7.0 10° 
his de- 


termination was made on the 5th day 


irradiated, immunized with 


cells; and (3) irradiated only 


following immunization or 6 days fol 
7 he 
these experiments are shown in figure 4. 

A group comparison on the 4th day 


lowing X irradiation. results of 


big Sate 


NON - IMMUNE 
CON TROL 


2.60? 
¢ - 





2. | 
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Fic. 3 


10 


Percent mortality resulting from the intracerebral challenge with 63 LDyo’s of H/. pertussis 


of non- and immunized mice. Three days intervened between the inoculation of the 2 dosages of per- 


tussis vaccine and the challenge inoculation. 
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the 


with 


after challenge shows that all of 
had 


the highest dose of vaccine were dead, 


mice which been immunized 
as were approximately 50% of those im 
munized with 7.010* cells and chal- 
lenged, and 40% of those immunized 
with the latter dose of vaccine but not 
challenged. At this same interval, only 
15% of the nonimmunized controls were 
with no deaths due to the 


dead, and 


effect of irradiation alone. Examination 
of the histamine LDs5_. shows that expo 
sure to this dose of irradiation without 
subsequent immunization did not alter 
the normal resistance of the mouse to 
histamine, but irradiation plus immuni 
zation rendered the animal even more 
sensitive than does immunization alone 
It is evident that: (1) immunization did 
not confer any degree of protection and 
actually sensitized the irradiated mice 
to the challenge inoculation; and (2) ir 
radiation decreased the resistance of the 
animal to the toxic effects of the vaccine 
From the data presented in figures 3 and 


4, it that 


mune responses of the host animal were 


would seem evident the im 
greatly suppressed following total body 


X irradiation at this dosage level. On the 


-_ A Tr A. 4 4 
6 


Effect of preimmunization X-irradiation. Explanatio 


rx 10" 


WOT CHALLENGED 


IRRADIATED ONLY 


l D509 MG. HISTAMINE 

bg O. 286i 
I~ 4 35 
13.00 


IRRAD 
NON- IRF 
IRRAD 


7x10 
7x10 
NO VACC 





8 10 


AFTER CHALLENGE 


n of the figure in text 


4th day after challenge, 
deaths had the nonirradi 


ated group, the above results had taken 


before any 


oct urred in 


place in those exposed to X irradiation 
The 5th day after challenge magnifies 
the difference in response of these 2 
groups. 

These results indicate that the im 
mune responses, of which antibody pro 
duction seems to play a major role, were 
greatly suppressed by preimmunization 
X irradiation; at the same time, these 
mice were approximately 20 times more 
sensitive to histamine than were 
both 
receiving identical immunizing dosages 
Therefore, it that the hi 


protective ac 


non 


irradiated controls with groups 


would seem 


tamine-sensitizing and 


tivities of pertussis vaccine are separa 


ble in mice in which no antibody for 


mation or other evidence of acquired 


immunity is demonstrable. It 


appea®rs 


that some chemical fraction of H. per 


tussis must have the ability to react di 


rectly with some tissue component or 


metabolic system of the mouse 


to pro 
duce the hyper-reactive state 


pose of this experiment was to follow the 


Aerosol induced infection pur 
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TABLE 2.—Results of aerosol induced infection of non- and X-irradiated mice. 


Daysafter Agglu- 
exposure tinin 
to aerosol titer 


Group 


1. Normal controls nonirradi- 


ated 10 


1 
4 
7 
10 
15 
20 
30 


COOr 24 houre previous to 
aerosol exposure 


i 
L 10 


Brain 


10 - 


H. pertussis recovered from: Sensitiv- 
Des ity to 
Liver Serum histamine® 


Lung Spleen 


+ 
. 


* Sensitivity to histamine determined by the intraperitoneal injection of 2.0 mg of histamine base 


course of infection induced by exposure 
to an aerosol of H. pertussis in both non- 
and X-irradiated mice. Emphasis was 
placed on_the recovery of the microor- 
ganism froin various tissues, to agglu- 
tinin production, to the type and the 
gross pathological pattern of the infec- 
tious process, and to the development of 
histamine hyper-reactivity induced in 
this manner. 

Two-hundred mice, of which 100 had 
been exposed to an irradiation dose of 
600r 24 hours before, were exposed to an 
aerosol of H. pertussis in the cloud cham- 
ber. Each mouse received a calculated 
dose of 3.3 10° viable cells. At various 
intervals, groups of 15 mice were re- 
moved from each pool, 5 of which were 
intraperitoneally with 2.0 
mg of histamine base. The remaining 10 


challenged 
were sacrificed, the serums collected and 


Taa.e 3, 


pooled, and the lungs were examined for 
gross pathological changes. Aliquots of 
the serums and of homogenates of the 
brain, lung, liver and spleen were plated 
on Bordet-Gengou agar for determina- 
tion of recovery of the microorganism. 
The results of this experiment are given 
in tables 2 and 3. 

These results show that in the nonir- 
radiated (group 1) mice, the agglutinin 
titer rose to a maximum cf 1:80 by the 
15th day and gradually decreased there- 
after to less than 1:10 by the 30th day 
The microorganism was not recoverable 
from any of the examined tissues or 
serums until the 7th day after exposure 
and then only from the lung tissue. This 
lasted for the duration of the experimen- 
tal period. Mortality, as the result of 
this particular infection, was very low, 
and the extreme sensitivity to histamine 


Gross lung pathology of non- and X-irradiated mice following 


aerosol induced infection.* 


Group 
2 


1. Normal controls—nonirradiated All normal 


2. 600r 24 hours previous to aerosol ex 


posure 


All normal 


1-3 plus 


reported as 1, 2, 3, or 4 


All normal 


5-normal 
4-D 


* Lung consolidation voported of those mice sacrificed at the various intervals unless otherwise noted 
plus dependent upon the extent of lung involvement 


Days after aerosol exposure 
7 10 is 20 


4-normal 

2-1 plus plus 
3-2 plus plus 
1—4 plus plus 


2-normal 


normal 
Dt 3-1 plus 
5-D 


2-normal 
8-D 
1 plus 
3 plus 
t 2-normal 
3-normal 2-D All Dead 
4-D 3-2 plus 

2-1 plus 1-3 plus 
1-4 plus 2-4 plus 


Consolidation 


? D indicates a discoloration of the lung tissue as previously reported by Pittman 
t Post-mortem examination of the lungs of the § mice which died as a result of infection at this time interval indicated 


that all 5 were of 4- plus consolidation. 


§ The lungs of ten dead exhibited 3- and 4- plus consolidation. 
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was not manifested until the 20th day 
after exposure. Evidence of infection 
based on gross lung pathology was not 
apparent until the 7th day at the same 
time the microorganism was first iso- 
lable from the lung tissue. These re- 
sults are in agreement with the original 
observations of Pittman’ after the in- 
tranasal inoculation of mice with H. 
pertussis. She postulated that the de- 
crease in resistance to histamine ap- 
peared to have some relation with the 
multiplication of the bacteria in the 
lungs and not to the lesions per se as 
both lesions and bacteria were present 
before the maximum period of reactivity 
developed. 

In the irradiated mice (group 2), the 
disease picture was changed into that of 
an acute, fulminating type of infection. 
The agglutinin titer failed to rise above 
1:10, the bacteria were recoverable from 
the lung tissue on the 4th day and also 
from the sera and spleen on the 7th and 


10th days respectively. A high percent- 


age of the deaths occurring on the 10th 
day might possibly be due to the effects 
of irradiation. However, the 100% mor- 
tality on the 15th day is significant. 
Gross pathological changes in the lung 
tissue occurred on the 4th day, and the 
histamine hyper-reactivity was devel- 
oped 10 days before that of group 1. 
The results of this experiment also 
demonstrate that the histamine hyper- 
reactive state develops in both non- and 
X-irradiated 
spite the fact the immune responses of 


groups. This occurs de- 
the latter group were almost completely 
suppressed as shown by the absence of 
rise in agglutinin titer, the lack of lo 
calization of the bacteria, the increase 
in mortality, and a more rapid develop- 
ment of gross pathological changes in 
the lungs. This observation provides 
further evidence for proposing that the 
histamine 


hyper-reactivity developed 


after the inoculation of H. pertussis is 


a separable response and is not depend 
ent the 
this particular host. 


upon immune mechanics of 


DISCUSSION 


It is well known that certain strains 
of white mice respond to an injection 
of H. pertussis in at least 2 ways: (1) 
develop a hyper-reactivity to histamine, 
and (2) exhibit resistance to an intra- 
cerebral challenge inoculation of the 
virulent microorganism. The results of 
the present investigation demonstrate 
that these two reactions are separable 
as shown by: (1) the resistance to hista 
mine after vaccination was inversely 
proportional to the number of cells in 
‘he immunizing dose, but the degree of 
protection was, within limits, neither 
correlated with the number of cells in 
the immunizing dose nor to the develop- 
ment of histamine hyper-reactivity; 
(2) the immune responses of irradiated 
mice following vaccination or aerosol- 
induced infection were greatly sup 
pressed. At the same time, mice in the 
former group were approximately 20 
times more sensitive to histamine than 
were nonirradiated controls, and those 
of the latter group developed the hyper 
reactive condition at a much faster rate 
than did the nonirradiated controls. It 
was postulated that some chemical frac 
of H. pertussis must have the ability 
to react directly with some tissue com 
ponent or metabolic system of this host 
to produce the sensitive state. A possi- 
ble explanation of the increase in hista 
mine sensitization induced by preim 
munization X irradiation above that in 
immunization 


duced by alone might 


therefore be that irradiation alters the 
tissues or renders some particular en 
zyme system more susceptilbe to the 
sensitizing ability of the pertussis micro 
organism. In this report, the assump 


tion has been made that all forms of 


antibody 


production have been sup 
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pressed by exposure of the mice to total 
body X irradiation of 600 r. Although 
the weight of the presented evidence in- 
dicates that this assumption is correct, 
the possibility of radioresistant anti- 
body formation is recognized. With the 
dosages of irradiation used, this possi- 
bility seems quite remote but does pro- 
hibit the definite exclusion of antibody 
involvement in the production of the 
histamine hyper-reactive state. 

As far as can be determined, this is 
the first reported study of pertussis in- 
fection in mice induced by an aerosol. 
Although the results are in complete 
agreement with those reported by Pitt- 
man’ following intranasal inoculation, 
it is of significance that fewer bacteria 
were the same 
gross pathology and reduction of re- 
sistance 


required to produce 


the cloud 
chamber method was used. This may 


to histamine when 


be accounted for by the uniformity of 
infection, abelition of the effects of an 
the the 
extraneous intro- 
duced into the alveolar tissue. The ex- 


aesthesia, and reduction of 


amount of material 
perimental results of the aerosol inves- 
that 
X irradiation may provide a new ap- 


tigations indicate preinoculation 
proach to the problem of infecting a re- 
sistant host. The infectious process pro- 
duced by this particular microorganism 
changes from that of a quiescent, low- 
mortality the nonirradiated 
group into an acute, fulminating dis- 


type in 


ease as the result of a reduction or sup- 
the responses of 
the host by X irradiation. It was demon- 


pression of immune 
strated that agglutinin production was 
suppressed, the microorganism was re- 
coverable from other than lung tissue, 
and that mortality was increased in the 
latter group. However, there are many 
other effects of irradiation damage 
which may also play significant roles 
in the phenomenon of increased suscep- 


tibility to infection. 


The question of the inactivation, by 
H. pertussis, of an enzyme concerned 
in the detoxification of histamine is also 
debatable. Kind and Woods” reported 
that lung tissue from pertussis inocu- 
lated, histamine sensitive mice had a 
reduced capacity to destroy this amine. 
The present irradiation studies do not 
discount this theory for there are many 
enzymes which are resistant to the in- 
activating effects of X ray. However, 
it is believed that this question requires 
further study before definite conclu- 
sions may be established. 

During the course of the present stud- 
ies, it became evident that there was 
an optimal dosage of vaccine which 
would confer maximum protection to 
mice, at least in the early developmental 
stages of acquired immunity, against 
intracerebral challenge inoculations. The 
better protection conferred by a low 
dose than with a high dose of vaccine 
has been noted before, especially follow- 
ing alum precipitation. In the test of 
alum precipitated vaccines for immuno- 
genic potency, a smaller number of per- 
tussis cells are used in the immunizing 
dose than in the test of the fluid type. 
The period between vaccination and 
challenge is 4 days longer with the pre- 
cipitated vaccine. There would appear 
least 2 


to be at explanations of this 


“optimal dosage’’ phenomenon. First, 


that it is due to a toxic factor present 
in the vaccine and the phenomenon is 
due to a dilution of this toxic factor. 
It is also possible that this factor is the 
sensitizing agent, for the toxicity of the 
vaccine is magnified above the normal 
by preimmunization X irradiation, and, 
at the same time, such mice are more 
susceptible to histamine than are con 
trols. 


The second explanation would appear 


to be that of a manifestation of ‘‘im 


25. Kind, L. S. and Woods, E. F 


1953, 


84: 601-603 


Proc 


Soc. Exper. Biol. & Med 
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munological paralysis.’’ Felton” dem- 
onstrated that mice injected with rela- 
tively large amounts (0.5 mg) of pneu 
mococcal polysaccharide are subse 
quently incapable of being immunized 
with the homologous antigen and are 
more susceptible to pneumococcal in 
fection. Dixon,” working with the same 
that 


antigen in excess of the amount involved 


system, indicated any persisting 


in stimulating antibody produc tion 
would seem capable of soaking up anti 
body as rapidly as it is formed, thereby 
negating the immunological response of 
the this 


same process is operative in the case of 


host. It seems possible that 
H. pertussis, the difference in the length 
the 


planable by the difference in persistence 


of time in “paralyzed” state ex 


of the different antigens in the host. 


Whether the immunogenic potency 
g | 


of pertussis vaccine in man, as meas 
ured by the effective immunity pro 
duced, is subject to similar variability 
is open to question. If the response in 
man is analogous to that of the mouse, 
immunization may result in an increased 
susceptibility to infection for a short 
period of time immediately following 
vaccination. 

It is not to be inferred from these re 
sults that the sensitizing and protective 
properties of the pertussis vaccine are 
two separate and distinct entities. It is 
possible that both of these states are 
produced by the same component of the 


cell. 


have demonstrated that the responses 


bacterial | lowever, these results 


of the host to the entity or entities are 


separable, with one dependent upon 


26. Felton, L. D 
Hosp. 38: 33-41 

27. Dixon, F.J., Maurer, P. H. and Weigle, W.O 
1955, J. Immunol. 74: 188-192 


1926, Bull. Johns Hopkins 


immune mechanisms while the sensitiz 
ing is most probably independent of 


such mechanisms 


SUMMARY 
The 


mouse to histamine and 


dec rease in resistance ol the 
the conferred 
protection against intracerebral chal 
lenge following the inoculation of emo 
philus pertussis were shown to be sepa 
rable responses, and that antibodies are 
probably not involved in the production 
of the histamine hyper-reactive state 
It was postulated that some chemical 
fraction of this parti ular microorgan 
ism has the ability to react directly with 
some tissue meta 


component and/or 


bolic system of the mouse to produce 
this state 

Total body X irradiation suppressed 
the immune responses of the host, and 
thus rendered the animal more suscepti 
infection, more 
the 
the 


ble to aerosol induced 


susceptible to the toxic factor of 


vaccine, and increased in degree 


histamine hyper-reactivity developed 


following immunization with pertussis 
vact ine. 

An “optimum dosage’ phenomenon 
occurred following the immunization of 
mice with various numbers of pertussis 
cells and was operative, at least, for the 
first 


the 


5 days following the injection of 
vaccine. Better protection against 


an intracerebral challenge was con 
ferred with a dose of vaccine which did 
not maximally increase the sensitivity 
of the mouse to histamine, and a degree 
conferred with an 
alter 


It was postulated that this phe 


of protection was 


amount which did not the sensi 
tivity 
nomenon occurred as a result of either a 
dilution of a toxic factor present in the 
vaccine or a manifestation of the par 


alysis of immune responses 





CROSS INFECTIONS AMONG BRUCELLA INFECTED GUINEA PIGS 


G. 


BRIGGS PHILLIPS, GROVER C, BROADWATER, MORTON REITMAN, 


AND ROBERT L. ALG 
From Fort Detrick, Frederick, Maryland 


Cross infection of animals with Myco- 
bacterium tuberculosis was reported 26 
years ago.' More recently, cross infec- 
tion was observed as a result of aerosol 
challenge With Bacillus anthracis? A\l- 
though isolation cages or ventilated 
often used for holding 
experimentally infected animals, cages 
are usually designed to house two or 
more animals. Depending upon the 
design of the experiment, animals hav- 
ing the different levels of 
resistance and challenged with equal or 
unequal doses may be housed in the 


cage’* are 


same or 


same cage. Because of accessory doses 
received from organisms released by 
aerosol-contaminated fur, the incidence 
of cross infection may be higher in ani- 
mals the respiratory 
route. Cross infection in such cases may 
invalidate experimental results. 

In the present investigation, aerosol- 


challenged by 


exposed guinea pigs were housed com- 
munally with unexposed cage-mate con- 
trols to detect cross infection. 


Received for publication February 27, 1956. 

Presented in part at the 55th General Meeting 
of the Society of American Bacteriologists held in 
New York City, May 1955. 

* Inlet and exhaust air was filtered through 2 
layers of PF105 spun glass (Owens-Corning 
Fiberglass Corp., Toledo, Ohio.) 

1. Lurie, M. B. 1930, Air-borne contagion of 
tuberculosis in an animal room. J. Exper. Med. 

5: 743-751. 

Druett, H. A., Henderson, D. W., Packman, 

L. and Peacock, S. 1953, Studies on respira- 

tory infection. I. The influence of particle size 

on respiratory infection with anthrax spores. 

J. Hyg. 51: 359-371, 

Wedum, A. G. 1953, Bacteriological safety. 

Am. J. Pub. Health, 43: 1428-1437. 

Young, G. A. and Underdahl, N. R. 1953, 

Isolation units for growing baby pigs without 


colostrum. Am. J. Vet. Res. 14: 571-574. 
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MATERIALS AND METHODS 


Guinea pigs (Hartley strain) weighing approxi- 
mately 350 g each were challenged with Brucella 
suis. Cultures were grown in tryptose broth 
(Difco) for 72 hours at 37 C. Animals were ex- 
posed bodily for 5 minutes in a closed chamber to 
aerosol produced by a University of Chicago 
Toxicology Laboratory atomizer.* During ex- 
posures, the aerosol concentrations in the cham- 
ber were determined with liquid 
samplers. Exposed animals were placed in 
9” X10" X18” solid sided ventilated cages** which 
were ventilated with filtered air at the rate of 57 
liters per minute. Unexposed guinea pigs (cage- 
mate controls) were placed with exposed animals 
at certain times and removed as indicated for 
each experiment. After a holding period of 28 
days, each animal was sacrificed, autopsied and 
samples of the lung, spleen and peribronchial 
lymph nodes cultured for Br. suis on tryptose 
agar. 


impinger 


EXPERIMENTAL 


In the first experiment, 12 groups of 
20 guinea pigs each were exposed to 
aerosol concentrations ranging from 
80 to 4500 viable brucella organisms per 
liter of air. The dose (inhaled organisms 
per animal) was calculated for each 
group.® The first group inhaled 48 organ- 
isms per animal and the last group in- 
haled 2800 Immediately after 


exposure the guinea pigs were placed in 


each. 


ventilated cages, 5 animals per cage. 
One cage-mate control was placed in 
each of 2 cages from each group (each 


or 4 
were 
placed in the cages. One cage-mate 
control was placed in each of the 2 re- 


constituted 20 animals 


before exposed 


group 


cages) animals 


5. Rosebury, T. 1947, Experimental Air-Borne 
Infection, Baltimore, The Williams and Wil- 
kins Company, p. 18. 

6. Guyton, A. C, 1947, Measurement of the res- 
piratory volumes of laboratory animals, Am. 


J. Physiol. 150: 70-77. 
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eat h 
the holding 
day but not after the 7th holding day. 


maining cages trom group on 


different days after first 
Control cage-mates remained with the 
exposed animals for all or the remaining 


All 


were 


part of the 28-day holding period 


animals (exposed or control) 
sacrificed on the 28th day 

The 2nd experiment was designed to 
determine if cross infection could result 


from contact for 24 hours of cage-mate 


controls with one aerosol-exposed ani 


mal. Five guinea pigs were bodily ex- 
posed for 5 minutes to Br. suis aerosol of 
approximately $90 organisms per liter 
300 
Each 


animal was placed in a separate venti 


olf air giving a calculated dose of 


inhaled organisms per animal. 


lated cage. One hour after 


exposure, 3 


cage-mate control pigs were 


placed in each of the 5 cages. After 24 


guinea 


hours, the control animals were trans 
ferred to clean cages which were held in 
a separate room until autopsy. Six days 
(7th holding 


other control animals were placed with 


after exposure day) 5 
1 exposed animal in each of 2 ventilated 


After 24 the « 


and exposed 


cages hours age-mates 


animals were moved to 


separate open 


animals were autopsied on their 28th 


holding day 


TABLE 1 Infection of cage-mate guinea pi, 


cages until autopsy. All- 


BRUCELLA 


During these experiments various 
made to 
the 
Be 


efforts, 


unsuccessful at tempts were 


recover brucella organisms from 
air and surfaces within the cages 
the 
further studies were made with spores of 
Bac illu .) 


pigs were exposed bodily to air-borne 


case ol failure of these 


subtilis var. niger. Two guinea 
suspensions ol spores (6 10° spores per 


for 3 


separate ly in 


liter of air minutes) and placed 


sealed ventilated cages 
sterilized 
a table and 


outlet 


which had been previously 
The cages were placed on 
ventilated through inlet and 
spun glass filters at the rate of 57 liters 


rhe 


from 


of air per minute air exhaust (be 


filtration 
lor B 


each week-day 


lore each cage was 


sampled subtilis spores twice 


for 3 weeks, using milli 
pore filters. Filter holders were attached 
to the water bottle opening in the top of 
Each sample was taken for 10 
(total 283 the 


normal ventilating ais 


the « age 


minutes liters) while 


was oll 


RESULTS 


In the first experiment, 93% of the 
guinea pigs exposed to aerosol were in 
fected with Br (table 1). One of the 
48 controls was lost by suffocation. The 


infected cage-mate controls 


Sul 


number ol 


was not dependent upon the dose (48 


with Br 


¢ x posed animai 


Number of aerosol 
exposed guinea 
pigs infected 


sol exposure 


‘ 
108e 


20 /20* 
20/20 
18 0 
19/20 
19/20 
18/20 
16/20 
20/20 
20 /20 
17/20 
20 /20 
20/20 


4+- Indicates brucella organisms 
Indicates 1 orga 
* numerator nfected 


total 


o bruce 


denominator 
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il 


Br infection of cage-mate control 
guinea pigs housed 24 hours with 
ol-e 


acro 


«posed animails* 


Number 

ted Percent of 
optrol inte 
smimalet 

infected 

total) 


cn inter 


I bree me mate pi 
each entilated 


wed 
cage 
th om “ere 
mimal at 1 
hallenge 


OLexpown 


hour alter 


Vive cage mates placed in 
each ventilated cage wit! 
one acrosolexposed an 
mal on the 7th day 


halles 


poet 


* Whole body exposure to 490 ore/1 
became infected 

t Infection determined by recovery of Br 
ropey 


5 min. All animals 


suis at nec 


to 2800) received by the animals ex- 
posed in the aerosol chamber. Time of 
the had 
that infection 
4 animals placed with 


exposed animals on the 7th day. For 


placement in also 
efiect, 


was 


cages no 


except no cross 
noted in 


instance, 6 of 12 controls placed with 


animals receiving 48 to 259 organisms 


a 
4 
* 
” 
x 
sae 
r 
4 
” 
o 
~ 
2 
o 
a 
r 


MSER OF 


NL 





AVERAGE 


- 
7 ° ’ 
Fic, 1 


gulnea pigs 


SROADWATER, M. REITMAN, AND R. L. 


ote o> 


ALG 


of 12 


placed with exposed animals receiving 


were infected and 6 controls 
1070 to 2800 organisms were also in- 
Somewhat 15 23 


controls placed on the first day with 


fected. similarly, of 
aerosol-exposed animals were infected, 
but 4 of 8 controls placee on the 5th and 
6th day with aerosol-exposed animals 
were also infected. 

The conditions of the 2nd experiment 
were the cage- 
mates were in contact with the exposed 
guinea pigs for only 24 hours and be- 
cause 3 or 5 cage-mates were placed with 


more critical because 


only one exposed animal. Table 2 shows 
that all 5 of the animals exposed in the 
aerosol chamber were infected. Among 
the controls, 13 of the 15 placed in 
contact with exposed guinea pigs for 24 
hours on the Ist day after exposure be- 
came infected, as did 5 of 9 placed with 
the exposed animals for 24 hours on the 
7th day. The 10th cage-mate guinea pig 
was lost by suffocation. 


‘ + + 


~H-- +--+ 


— = pe 
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Recovery of B. subtilis spores from the air of ventilated cages housing aerosol-exposed 
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In the experiment in 


which B 


was used as a tracer, tew organisms were 


recovered from the exhaust iif Ol ven 


tilated cages housing 


aerosol-e punt d 
guinea pigs, considering the large num- 
ber of organisms in the aerosol to which 
the animals were exposed. The highest 
detectable was 


approximately 4 spores per liter of air 


aerosol concentration 


(fig. 1), and spores were recovered up to 


18 days. Variations in the day to day 
samples could be correlated approxi- 
mately with periods of activity of the 


guinea pigs. 


DISCUSSION 


(ross infection in the first experiment 


may have been caused by brucella trom 
(1) the hair and expired air of the cham- 
ber-exposed animals and/or (2) urine 
and feces. Obviously it would be difficult 
to separate these sources with any de- 
gree of accuracy. Since it is likely that 
significant numbers of brucella organ- 
isms would not appear in the urine and 
feces of exposed animals within the 
first 24 hours, it is probable that the 
cage-mate controls exposed in the second 
experiment for only the first 24 hours 
became the hair and 
expired air rather than from exudates. 


infected from 
On the other hand, those control ani- 
mals which were not put in contact with 
exposed animals until the 7th holding 
day may have been infected by organ- 
isms from urine and feces, since it is 
believed that, at a constant ventilation 
rate of 57 1/min very few of the original 
contaminating brucella would survive 


for 7 days on animal hair or on surfaces 


ver il a more resistant micro 


Organism is involved (a in the test 
with B. subtilis spores) it is clear that the 


original contaminating organisms may 


cause an ext nded 


cross infections tor 
time 

The results obtained in these studies 
indicate that cross infection should be 
considered in the design of experiments 
when animals are challenged by the 
respiratory route. Further studies must 
be conducted to determine the impor- 
tance of cross infection among animals 
inoculated by other routes as well as the 
occurrence of cross infection with other 
infectious Organisms 


When 


ut h i> 


highly infectious organisms 


brucella are involved, 


cCTOSS 


infection among aerosol-exposed ani- 
mals can probably be eliminated, and 
thus the validity of the experiment pro- 
tected, only by housing animals in- 


dividually in ventilated cages 


SUMMARY 


Significant cross infection occurred 
when normal guinea pigs were placed as 
controls in ventilated cages with guinea 
pigs bodily to 
Brucella suis. Cross infection was dem- 


exposed aerosol of 
onstrated when the control animals were 


housed with 


animals 
(1) continuously for 28 days, (2) for the 
first day after exposure only and (3) for 


the 7th day only. 


aerosol -exposed 


When guinea pigs were exposed to 
large numbers of aerosolized Bacillus 
subtilis spores and held in ventilated 
cages, spores were detected in the air 


of the cages for as long as 18 days 





THE SUSCEPTIBILITY OF SEVERAL DIFFERENT LABORATORY 


ANIMALS TO INFECTION WITH LEPTOSPIRA 


POMONA 


M. KINGEN AND WILLIAM OKAZAKI 


From the Department of Vertinary Microbiology, College of Veterinary Medicine, State College 
of Washington, Pullman, Washington 


The detection of pathogenic lepto- 
spira in contaminated materials is most 
easily accomplished through the use of 
laboratory animals. At the present time, 
guinea pigs and hamsters are the most 
commonly both being 
quite suceptible to leptospiral infection. 


used animals, 
Borg-Peterson' found that guinea pigs 
and albino mice were susceptible to 
infection with Leptospira bovis, while 
Morton® has reported on the susceptibil- 
ity of the Syrian hamster to infection 
with Lept. icterohemorrhagiae and Lept. 
canicola, Larsen*® found that white mice 
were susceptible to Lept. icterohemor- 
rhagiae, but reported that this suscep- 
tibility falls off quite rapidly as the age 
of the animal increases beyond three 
Stavitsky* that 
strains of were equally 
susceptible to fatal infections. Chick 
chicks 
majority of 


weeks found not all 


white mice 


baby also have 


The 


embryos and 


been used.** these 
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experiments have been carried out using 
diluted cultures of the organism, and no 
comparison has been made to determine 
which would be the most suitable ani- 
mal. Probably the animal of choice 
will depend upon the leptospiral sero- 
type, but this may not always be known. 
The following experiments were made in 
an attempt to compare several different 
laboratory animals as to their suscepti- 
bility to infection with Lept. pomona. 


EXPERIMENTAL METHODS 


Only one strain of Lept. pomona, obtained from 
the Rocky Mountain 
Montana, was used throughout 


Laboratory, Hamilton, 


these experi- 
ments. This organism has been maintained on 
artificial medium’ for and was 


selected because its virulence should be stabilized. 


several years 
Most investigators state that the virulence of 
pathogenic leptospirae is reduced when these 
organisms are subcultured in artificial medium. 

The inoculum for the laboratory animals con- 
sisted of known numbers of Lept. pomona ob- 
tained in the following manner: aliquots of 2- to 
}-week-old cultures, incubated at room tempera- 
ture, were killed with formalin to prevent motil- 
ity; the leptospirae were counted using the 
Petroff-Hausser*® bacterial counting chamber and 
darkheld illumination; the numbers per ml of 
culture was determined and the living culture so 
diluted as to have a known number of leptospirae 
per inoculum. 


The laboratory animals used were 21 days of 


age or younger, and included guinea pigs, Syrian 
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SUSCEPTIBILITY TO LEPTOSPIRA POMONA 


TABLE |! 


Lept. pomona 


Number of 
leptospiraet 


Guinea pig 


percent + 


14,000 
7,000 
3,500 
1.750 94 
875 &5 
550 7/24 71 
275 2 48 
100 20 15 


100 
100 
97 


* Based on an acc 
+ Number of Lept. pomona per inoculum 

} Numerator =number of animals infected; denominator 
Percent of animals infected based on thé demonstration 


sis test 


hamsters, white (Webster Swiss), and 
2-day-old White Leghorn chicks. A total of 67 
, 93 hamsters, 92 mice, and 25 chicks 


were used, these being divided into groups of 5 


mice 
guinea pigs 
to 10 animals per group. The igoculum was given 
intraperitoneally and infection was based upon 
the demonstration of a rising blood serum titer 
using the agglutination-lysis test.’ The animals 
were bled at weekly intervals ranging from 2 to 
6 weeks, and several serologically positive animal: 
from each group sacrificed for cultural studies 

A comparison of susceptibility to Lept. pomona 
by these various animals was made by determin 
ing the infective doseso (IDyo), this being based 


on an accumulated series.'® 


RESULTS AND DISCUSSION 


The detection of pathogenic lepto- 


spirae in contaminated materials can be 


accomplished through the use of labora- 


tory animals, either by isolation of the 
spirochete from blood and tissues, or 
blood 


antibody titer in the inoculated animal 


demonstrating a rising serum 


When death of the animal occurs, isola- 
tion of the spirochete is the most satis- 
factory method. However, Lept. pomona 
may not produce a fatal infection in an 
inoculated animal, and one of the most 
rapid methods for its detection is by 
titer. (Guinea 


demonstrating a rising 


9. Rocky Laboratory; Leptospira 
unit 
Letter, 1952 
River, T. M 
fections of Man 


cott Co »P 69. 


Mountain 


Leptospirological 


ire 


lechniques. ( 


1948, Viral and Rickettsial In 
Philadeiphia, J. B. Lippin 


of a rising blood serum antibody titre u 
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A comparison of susceptibility of several different laboratory animals to infection with 


Hameter 


percent + 


100 
97 
ao 
65 
w 
12 


umulated series using 67 guinea pigs, 81 hamsters, 92 white mice, and 25 chi 


animals inoculated 
a the agglutination 


pigs and white mice become serologically 
positive alter an average of 2 weeks post- 
inoculation, while hamsters require 3 


to 4 


of this organism were required to infect 


weeks. Relatively large numbers 
the chicks, and no detectable serologic al 
response was observed under the condi 
tions of these experiments. 

When inoculating large numbers of 
leptospirae any ol the above animals 
be the 
organisms are present in small numbers 


the 


may satisfactory. However, if 


the guinea pig is probably most 
suitable animal. Although no significant 
difference could be found between the 
[Dy of guinea 
(X? — 1.4165),"! 
can be given to the former, i.e., when 
trying to detect Lept 


from 


pigs and white mice 


a much larger inoculum 


pomona in urine 


chronic cases of bovine lepto- 
spirosis, 5.0 ml of urine can be inoculated 
into a guinea pig, as compared with 0.5 
ml 
highly significant difference was found 
the [Dw of and 
guinea pigs (X?— 10.6288)" and between 
8.2077),"! 


the hamsters being more resistant (table 


into white mice or hamsters. A 


between hamsters 


hamsters and white mice (X? 


1). The [Dg was determined for these 


the following results 


300 lepto 


animals with 


guinea pigs, approximately 
spirae; white mice, approximately 400 
and hamsters, 


leptospirae; approx! 


11. Snedecor, G. W. 1950, Statistical Methods, 


lowa State College Press, p 190 
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mately 1400 leptospirae, per inoculum 
This method for determing the infective 
dose was tested experimentally in guinea 
pigs mice. 

350 (Lept. 
inoculum were inoculated into each of 6 
pigs; infected. 
Approximately 1100 and 520 per inoc 


and white Approximately 


leptospirae pomona) per 


guinea four became 
ulum were inoculated into each of 8 and 
6 mice, respectively; 7 in the former, 
and 4 in the latter became infected. 
The choice of a laboratory animal will 
depend upon several different factors, 
including availability, numbers of ani 
mals to be used, and type of experi 


work. Where the 


leptospirae are sufficient to permit the 


mental numbers of 
use of a relatively small inoculum, white 
both 
satisfactory animal. However, for the 


mice and hamsters provide a 
isolation of Lept. pomona, the hamster 
probably is the animal of choice since 
these spirochetes seem to persist in the 
tissues of these animals for much longer 
periods of time. The isolation of Lept 
white 


pomona from guinea pigs and 
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mice is best made during the first 2 
weeks postinoculation 

Since only one strain of Lept. pomona 
was used throughout these experiments, 
it is not known if other strains would 


give the same results. 


SUMMARY 


Guinea pigs, Syrian hamsters, whit 
(Webster Swiss), and 2-day-old 
were their 


mice 
chicks 


susceptibility to infection with known 


compared as to 


numbers of Leptospira pomona. Infe 


tion in these animals was based upon the 
demonstration of a rising blood serum 
antibody titer, using the agglutination- 
lysis test. Under the conditions of these 
that the 


guinea pig and white mouse are about 


experiments, it was found 
equally susceptible, the hamster signifi- 
cantly more resistant, and the chicks 
highly resistant. When working with 
relatively large numbers of this organ- 
ism, any of the above animals may be 
satisfactory. 
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From the Department isitolog 


\s far as known, there are no reports 
of studies comparing directly the lon- 
adult 


intestinal 


gevity of 
the 
mice. 


Trichinella spiralis in 
and old 
is known: (1) that 


tract of young 
However, it 
there is no significant difference in the 
adult worm burdens of young and old 
mice 5 days after an initial infection 
(Larsh and Hendricks, 1949), (2) that 
in old mice there is a sudden and signifi 
cant loss of adult worms between 11 and 
14 days after infection (Larsh et al, 
1952), and (3) that at 15 days following 
infection young mice harbor more worms 
than old mice (Riedel, 1950). At first 
thought, the latter observation may 
suggest the operation of age immunity 
in the old mice as demonstrated in sev- 
eral host-parasite combinations. How- 
ever, recent studies in old mice have re- 
vealed evidence that the immune phe- 
nomena have begun to develop during 
the course of the initial infection (Larsh 
and Race, 1954). Circulating antibodies 
in low titer were detected, and an in- 
flammatory observed, 
which differed only in the time of its 
appearance and its severity from that 
observed in strongly immunized mice. 
It is important to add that in both the 
immunized 


response Was 


and nonimmunized mice 
the peak of the inflammatory response 
occurred shortly before it is known that 
the worms are lost from the same area 
of the intestine. The fact that the loss 
of worms from an initial infection can 
be prevented by injecting cortisone to 
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Lexa 

suppress the inflammatory respons 

(Coker, 1955) suggests strongly that in 

old mice the actual expulsion of the 

to the cellular re 


the 


worms 1s due mainly 


action associated with inflamma 


tion. 
old 


permissible to 


In view of the observations in 


mice, it would seem 
speculate that the slower rate of elimi 
nation of worms from young mice given 
an initial infection is related to a d 
layed 


munity. It 


development ol acquired im 


is generally agreed that 
young animals respond more slowly to 
antigenic stimulation than their mature 
counterparts, and in at least one host 
parasite combination this relationship 
is clear (Cort and Otto, 1940). Never 
theless, conclusive proof is lacking in 


the present case, since no evidence has 


been presented to show that acquired 


at the time the 
adult worms are eliminated from voung 


immunity is operating 


mice. The present experiment was de 
signed, therefore, in an attempt to de 
termine whether or not this is the case 
It appears that a striking cellular reac 
tion in the intestinal tissue occurs only 
in the presence of acquired immunity 
(Larsh and Race, 1954) and that such a 
reaction is necessary to cause the expul 
sion of adult (Coker, 1956). 
Therefore, in the present study it 
decided 


worms 
was 
to use as the criterion 

the 
cellular 


quired immunity presence 


characteristic response 
intestinal tissue. 
MATERIALS AND METHODS 


The 


those described in earlier report 


various experimental procedures wer 


from this labo 
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(Larsh Kent, 1949; 


Student's t test was used to determine the statisti- 


ratory and and others) 
cal significance of the observed differences in 
numbers of parasites recovered from the mice at 
the various periods after infection. The results 
from each necropsy period were compared with 
those for the succeeding period. A probability 
greater than 0.05 was not considered significant 

Che intestinal tissue for study was prepared as 
follows. The proximal second one-fourth of the 
mall intestine was removed from each animal. It 
was left unopened and cut into three small (3mm 
pieces. These were fixed in Helly's fluid (formalin, 
potassium bichromate, and bichloride of mer- 
cury) for 15 hours, after which the tissue was 
washed in running tap water for 24 hours. The 
tissue was passed slowly through an ethyl alcohol 
wries (25, 50, 80, 95, and 100%, 1 to 3 hours in 
each concentration) into 100% alcohol and xylene 
1 hour) and finally through xylene (14 hours) 
into tissuemat (58 C) for embedding. Histologic 
cross section preparations 6y thick were made, 


which were stained with hematoxylin and eosin 


EXPERIMENTAL PROCEDURES 
AND RESULTS 


Thirty-six mice, 5 weeks old and of 
approximate weight, were each given 
by mouth an infection of 300 7. spiralis 
larvae. On both the 3rd and Sth days 
following infection, two mice (one of 
the 


tissue was removed for histo 


each sex) were sacrificed and in 
testinal 
pathologic study. Beginning 7 days after 
infection and continuing through the 
21st day, four mice (two of each sex) 


were sacrificed every other day, i.e., 
9, 11, 13, 15, 17, 19, and 21. 
At each period, two mice were used to 
the adult 7. 


spiralis present in the small intestine 


on days 7, 


determine number of 
and two were used to obtain tissue for 
histopathologic study. 

At 7, 9, 11, 13, 15, 17, 19, and 21 days 
after infection, the following average 
numbers of adult worms were recovered 
the the 


mice (the percentages ol development 


from small intestines of two 


are given in parentheses following the 
269.5 (89.8); 229.0 
238.5 (79.5); 232.5 


counts): 
259.5 (86.5): 


average 
(76.3): 
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(77.5); 81.5 59.0 (19.7); and 


83.5 (27.8). The only comparison show- 


imaiin - 
(27.2); 


ing statistical significance was that be 
tween the counts at 15 days (232.5) and 
17 days (81.5). This was found to be 
significant at the 1% level. It is clear, 
therefore, that in these young mice there 
ol 


was a sudden and significant loss 


worms between 5 and 17 days after 
initial infection 

A detailed study was made of the in- 
testinal tissue prepared from all 20 mice 
used in this portion of the experiment. 
A brief description of the histopatho- 
logic findings is given below. On the 
basis of these observations, representa- 
tive photomicrographs were prepared 


(figures 1 through 6) 


I). 
There were moderate numbers of par- 


Three days after infection (fig 


asites in the lumen of the intestine and 
a few were invading the mucosa. The 
mucosa, with very few polymorphonu- 
clear leukocytes, showed little cellular 
reaction. An occasional plasma cell was 
seen. Lymphoid tissue, present nor- 
mally in this region of the intestine, was 
the small 


number of lymphocytes noted did not 


also observed. Therefore, 


indicate inflammation. 
Five days after infection (fig. 2). 
Small 


leukocytes were seen in localized areas. 


numbers of polymorphonuclear 
Plasma cells and lym phoc ytes were ob- 
served, but their small numbers would 
indicate that they were normal to the 
intestine and not the result of inflamma- 
tion. An occasional monocyte was also 
noted in these slides. Edema of the mu- 
cosa appeared to be developing, as indi 
cated by a thickening of the mucosa 
with loose tissue spaces especially in 
the papillary folds. 

Seven days after infection (fig. 3). 
Polymorphonuclear leukocytes were be 
ginning to occur in small to moderate 
numbers, 


mild 


indicating the initiation of 


inflammation. Despite this, in 
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The entire mucosa and the subserosal fat are infiltrated with leukocytes of mixed 
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some areas the parasite was invad 


tt) 
without obvious inflam 
| he 


the plasma 


the mucosa 


ti 
mation immediatel idjacent to it 
mono ! 
celle 
little change 


Vine day By 


time, the pol morphonuclear leuko. 


es or nat rophage ~) 


ind the | m pho ytes still showed 


from the normal 


after infection this 


tit 
response Was diffuse ind moderate to 
marked in} all 


The 


becoming 


ircas including the sub 


Mmucos&A cellular re 
ind 
ill of the 
both in 
The 
increase in 


plasma cells were noted 


ction was acute 


yeneralized to involve 


mitestine Parasites were noted 


the mucosa and in the lumen 


mucosa was beginning to show an 


the number of mononuclear 


ol the monocyte t' pe ind a few 


lcleven days after infection (fig 4 and 


\t this stage, the polymorphonu 
diffuse 
he 
the 


| here 


inflammatory rea¢ 


clear leukocytic response was 


lhere 


this stive 


and marked would seem to 


no doubt that represent 


zenith of the cellular reaction 


was a definite acute 


tion in the submucosa as well as in the 


\lso 


micrease it 


MmuUCcOs; noted at this stage was 


in the monocytic macro 


phage type of cells and lymphocytes 
In 
deep within the mucosa, the mesenteri 


lat 


one slide, in which parasites were 


was inflamed markedly and poly 
morphonuclear leukocytes and lympho 
cytes were seen surrounding small blood 
VCSmM Is 


number 


Thirteen days after infection 


was a diminution in the ol 
polymorphonuc lear leukocytes as com 
pared with the numbers observed from 
the 7th through the 11th day, and there 
was an increase in the lymphocytes and 


Phe 


le coe 


monocytes mucosa was compact 


and not as and edematous as in 


some of the previous stages 


lifteen days after infection Che poly 
morphonuc lear leuko« vt response had 
this time, but it 


focal areas \ 


decreased definitely by 


was still noted in some 
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mixture of lymphocytes, monocytes, 


and ih Oce asional plasm ice i] Was be Vill 


to occur, and the | mphoid tissue 


niny 


seemed to be more active than in the 


previous stages Furthermore, the sub 


mucosa had a mixture of I m pho vtes 


and monocytes 


Seventeen days after infection (f g.0 


The polymorphonus le if le | n tes h id 
numbers but 


little ch 


to diminish in 


other cells 


continued 


the seemed inged 


from 15 days 
Vineteen and twenty-one days after in 
fection Che polymorphonuclear leuko 


cytes, while still present had continued 


to decrease in numbers. The inflamma 
i subacute dimin 


ol 


tory reaction was ol 


ishing type with a mixture mostly 
plasma cells and monocytes 

the inflammatory reac 
ol 


young mice developed slowly. It 


In summars 


tion in the intestinal tissue these 


was 


first recognized 7 days alter initial infec 


tion and gradually reached the acute 


phase, which at 11 days was at the peak 
level. The predominant cell during the 
acute phase was the polymorphonuclear 
11th day to the end 


leukocyte. Krom the 


the observations on the twenty-first 


the 


day after infection acute phase 


changed gradually into a subacute in 


flammatory reaction, which diminished 
the 


rhe 


ol 


considerably in intensity toward 
end of the period of observation 


cells 


mixed 


of the subacute phase were 


type, espec tally 1) m pho« ytes, 
plasma cells and monocytes 

A few 
ol 


developing 


additional observations are 


ol 
the 


worthy mention. The appearance 


the worms through 


eleventh day was similar to that noted 


old 


(Larsh 


initial infection 


In 


much 


in mice viven an 


and Race, 1954 brief, the 


worms seemed to be larger than 


those of the same aye observed earlier 


in immunized mice, and from the ap 


pearance ol the large number olf eggs 


and embryos there was no 


apparent 
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interference with the normal reproduc- 
tive potential of the females. However 
after the 11th day (i.e., 13 to 21 days) 
the worms in the mice of the present 
study appeared to show evidence of be- 
the 
observed on days 17, 19, and 21 did not 


ing inhibited, but small numbers 
permit a definite conclusion. Mechanical 
tissue damage was noted as in the previ 
ous study of nonimmunized 


but a 


old mice, 


direct comparison can not be 
(300 


400) in the dose of larvae used for in 


made due to a difference versus 


fecting the two groups. However, it is 
that the 
much less striking in the young mice, 


clear cellular reaction was 


and it is unlikely that the difference in 
the number of larvae used for infection 
could have accounted for such a differ 
ence in the tissue response. Finally, as 
in the nonimmunized mice of the previ- 
ous study, the number of inflammatory 
cells was-no greater in the areas adjacent 
to the worms than in the mucosa in gen- 
eral, eosinophils were not abundant in 


any of the sections, and material re 
sembling protein precipitate was not 


observed in the tissue 


DISCUSSION 


The young mice of the present study 
showed a significant loss of adult worms 
from the 
and 17 after 
with 300 7. spiral 


of the same strain this loss occurs be 


small intestine between 15 


days initial infection 


larvae. In old mice 


tween 11 and 14 days after initial infec 
tion (Larsh et al, 1952). It is interesting 
to compare the percentages of develop 
ment and longevity of the adult worms 
in these two groups of mice. There is no 
difference in the counts 


lith 


significant loss of worms had occurred 


significant 


through the day, and after the 


in both groups the counts again are sim 
Thus, 


time required to eliminate a significant 


ilar. the only difference is the 


number of the worms that established, 


this being about three days earlier in 
the old mice. It is clear, therefore, that 
if a comparison in worm burdens is 
the old 


worms 


lose 
the 
worms are lost from the young mice a 


made shortly after mice 


most of their and before 
striking difference can be demonstrated, 
rhis 
Riedel 


in which counts were made only 


the ab 


which by itself may be misleading 
the 
(1950). 


at 15 days after 


was case in the study by 
infection. In 
sence of other « riteria, there is no justi 
fication for relating such a difference in 
counts to the operation of age immu 
nity. As a type of natural immunity an 
effect(s) due to age alone would be ex 
pected to manifest itself soon after es 
the 


more 


worms and not be 
than 
On the other hand, such a delay 


tablishment of 


delayed for eleven days 


would 


be expected in the presence of acquired 


immunity, since it has a characteristi 
slow development. 

observations of 
the 


were similar to those made in old mice 


The histopathologi« 


the young mice of present study 


given an initial infection with 7°. spiralis 
(Larsh and Race, 1954). In both cases, 


there was a mild early reaction, a mod 


erately severe, acute reaction, and a 


subacute or chronic diminishing reat 


tion. Furthermore, in both cases the 
cellular components of the three stages 
were similar; the polymorphonuclear 
leukocyte was the prominent cell during 
the acute phase, and mixed mononu 
clear cells characterized the subacute or 


Fin ills 


of the worms, the degree of mechanical 


chronic phase the appearance 
tissue damage, and other pertinent ob 
servations mentioned above were simi 
lar in both groups of mice. Therefore, it 
the only difference in the 


of the 


is clear that 


inflammatory two 


response 
groups was one of time and severity. In 
the old 


initiated 


mild inflammation 
bet ween 4 


and 


mice, was 
6 days after 


zenith at 8 


and 


infection reached a 
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das 
flammation developed hetween 5 and 


/ days the cellular 
reaction did not reach its peak until 11 


while in the young mice mild in 


ifter infection and 
days. It is important to recall that not 


only was the cellular response delayed 


in the young mice, but at its peak it 
failed to reach the severe proportions 
noted in the old mice. In both groups of 
mice, the peak of the cellular reaction 
occurred about 5 days prior to the time 
that there is a sudden and significant 
loss of worms from the same region of 
the intestine. It is clear, therefore, that: 
(1) the worms from an initial infection 
are eliminated only after the tissue re- 
mains in a highly inflamed condition for 
several days, and (2) the more rapid 
loss of worms from old mice is related 
to a more rapid development of this in- 
flamed condition. The fact that corti- 
sone, a hormone that exerts a powerful 
suppressive action upon the lymphoid- 
macrophage system, prevents the char- 
acteristic loss of worms from an initial 
infection (Coker, 1955) suggests strongly 
that the cellular reaction brings about 
the actual expulsion of the worms. That 
such a reaction is a manifestation of 
acquired immunity is evident from the 
following account of its role in the im- 
munity demonstrated by previously im- 
munized mice. 

The cellular reaction in the intestinal 
tissue of previously immunized mice 
has been observed soon after reinfection 
and it reaches a peak at 4 days (Larsh 
and Race, 1954). At this time the reac- 
tion, while similar in nature, is consid- 
erably more severe than that noted at 
the peak level (8 days) in mice of the 
same age given only one infection. About 
6 days after reinfection, or 2 days after 
the peak of the inflammation is reached, 
strongly immunized lose their 
worms in significant numbers from the 
same region of the intestine (Larsh et al, 
1952). If such strongly immunized mice 


mice 


RACE, AND WILLIAM B. JEFFRIES 


are given injections ol cortisone the 


characteristic cellular reaction is 


sup 


the 


numbers for at 


pressed almost completely and 
worms persist in larg: 
14 days alter reinfection (Coker, 
1956). Since no effect of cortisone upon 


the 


least 


humoral factor(s) was demon 
strated, there would appear to be little 
doubt that there is a cause and effect 
relationship between the characteristic 
cellular reaction and the loss of worms 
In any event, there is no question that 
this reaction is an important manifesta- 
tion of acquired immunity 

the 


relationship of a characteristic cellular 


It is clear from the above that 


response in the intestinal tissue and the 
loss of adult worms is evident in old im 
munized mice, in old mice given one 
infection, and in the young mice of the 
present study given one infection. The 
evidence indicates further that the main 


difference between these three groups is 


in the time of appearance and severity 
of the cellular response, which in turn 
influences directly the persistency of 
the worms in the same region of the in 
testine. Therefore, there would seem to 
be no doubt that this difference is due 
to the degree of acquired immunity 
present in the three groups. For this rea 
son, it is safe to assume that following 
initial infection the more rapid elimina- 
tion of worms by old mice is not due to 
factors associated with age immunity 
but to the ability of the old mice to de- 
velop acquired immunity more rapidly 
than young mice. This is to be expected 
if one accepts the view expressed by 
many workers that young animals do 
not respond to antigenic stimulation as 
effectively as their mature counterparts. 


SUMMARY 
Young mice given an initial infection 
with Trichinella spiralis lost a signifi- 
cant number of adult worms between 
15 and 17 days after infection. Related 
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the de 


mie tun the ne of 


velop 
1 

i ena? 

acteristic cellular reaction, which reached 

ll da 


dence is presented to show that this re 


its peak at ys after infection. Evi 


action, differing only in the time of its 
initiation and in degree from that in old 
mice given one infection and tn those 
strongly immunized by prior infections, 
is a manifestation of acquired immu 
these results indicate 


nity. Therefore 


that following initial infection of young 


and old mice the slower elimination of 
vddult T p rali 


is due to their inability to develop a 


from the yvouny mice 
quired immunity as rapidly as the old 
mice, 
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STUDIES ON PASTEURELLA PESTIS IN VARIOUS FLEA SPECIES 


Ill. TRANSMISSION OF AVIRULENT STRAINS OF PAST. PESTIS BY 
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From the Departments of Entomology and Bacteriology, 406th Medical General 
Laboratory, APO 343, san Francisco, California 


Experimental transmission of viru- 
lent plague organisms by various flea 
species has been 


reported by many 


workers. A careful search of the avail- 


able literature failed to disclose any in- 


formation concerning the transmission 


of avirulent plague organisms by fleas. 


to experimental animals. 

Quan, Kartman and McManus (1954) 
observed that proventricular blockage 
of Xenopsylla occurred with 
avirulent plague strain A1122, but they 
reported no transmissions. Cavanaugh 


cheopis 


et al (1956) confirmed these findings. 

The the 
avirulent Pasteurella pestis strain A1122 
to experimental 


successful transmission of 


animals is reported 


here. 


MATERIALS AND METHODS 


A simplified artificial feeding apparatus de- 
signed by Wheeler et al (1956) was made. Fleas 
were fed a suspension of agar-grown Past. pestis 
in defibrinated rabbit blood through a freshly 
prepared albino mouse skin membrane. After a 
feeding period of 24 hours, engorged fleas were 
removed, placed in test tubes with a small quan- 
tity of fine wood shavings and kept at 21 to 24 C 
for 3 to 6 days. Fleas were kept in a desiccator jar 
containing 100 ml of a 5% KOH solution to pro- 
vide a relative humidity of approximately 65% 
at 25 C 


Past. pestis strain A1122 is an avirulent vari- 
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his 
Karl F. Meyer, Uni 
versity of California. Other than virulence, this 
strain possesses every known characteristic of the 


ant, noted for its immunogenic properties 
strain was isolated by Dr 


virulent organism and is especially rich in en- 
velope antigen. The strain used in these experi 
ments was a lyophilized culture originally ac- 
quired from Dr. Meyer and maintained in this 
laboratory. 

The fleas used in this study were X 
two strains colonized in this laboratory 
San 
other from Kobe, Japan. Tests for the presence of 
Past. pestis in the fleas were performed by dissec 


¢ heopis of 
- one strain 


was from Francisco, California, and the 


tion of the proventriculus and stomachs. These 
organs were washed in three changes of saline 
solution and macerated in 1% peptone water 
inoculated into 
(Difco) 


bacteriological identification tests, including bio- 


The ground tissue was then 


tryptose phosphate broth Complete 
chemical reactions and the bacteriophage test of 
Gunnison et al (1951), were performed on each 
organism isolated. Similar bacteriological pro- 
cedures were carried out on organisms isolated 
at autopsy of the mice. 

Virulence of the organisms isolated was de- 
termined by the inoculation of 0.2 ml of a 24 hour 
37 C broth culture in tryptose phosphate broth 
Doses were given by both the intraperitoneal and 
subcutaneous routes, four mice being inoculated 
by each route. Mice were observed for 21 days, 
then sacrificed and autopsied 

In order to allow the fleas to feed on each 
mouse and to prevent the mouse from eating the 
fleas, a confinement cage, 15 cm*3 cm X3 cm 
was made of reinforced hardware cloth 


PROCEDURE 

Experimental feedings were conducted 
with X. cheopis (California strain) and 
with X. cheopis (Kobe, Japan strain) to 
determine the rate of infection, block- 
ing and survival of fleas infected through 
artificial membranes. Following the in- 
fectious meal, fleas were divided into 
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three groups. Group 1 (62 fleas) was 
maintained under optimum conditions 
in test tubes for 96 hours. Groups 2 and 
3 were 120 


was allowed 


mice for 
(28 fleas) 
to feed ad libitum, while group 3 fleas 


maintained on 
hours; group 2 


(48) were fed individually once daily 
Infection was determined by culture of 
flea block 


age was determined, 3 to 6 days after 


stomachs. Gastrointestinal 
feeding, by microscopic examination of 
fleas, many of which had been observed 
to make 
frantic 


ox casionally, 
Such 


have no 


and, 
feed. 


found to 


repeated 
attempts to fleas 


were usually fresh 
blood in their stomachs or a relatively 
small amount when compared with non- 
fed. On disse« 


infected fleas similafly 


tion, many of these fleas contained 


huge masses and clots in the stomach 
which appeared to consist principally 
of bacilli 


tions, 


Following these determina 


transmission studies were made 
using local Japanese strains of albino 
mice (Strains ddN and SM), 

Male and 


to 70 were starved for 3 or 4 days prior 


female fleas in lots of 25 


to introduction into the artificial feed- 
ing apparatus. Following a 24-hour feed- 
ing period, engorged fleas were held for 
3 to 6 days and microscopic examina 
tion of all engorged fleas was made to 
detect development of 
blockage. Cultural 

presence ol Past pesh 


proventricular 
confirmation for 

was carried out 
on a representative sample ol appar 
ently blocked fleas lot. In 


subsequent transmission attempts with 


from each 
presumably “blocked” fleas, fleas from 
original infected lots were pooled in lots 
of 33 to 113 and each lot allowed to feed 
en Masse on single mice confined in spe 
cial cages. Upon death of the mouse or 
upon sacrifice, a new mouse was placed 
Each removed 

the presence 
of Past. pestis. At 4, 6, 21 and 46 days, 
4 to 5 fleas (depending upon the total 


in the confinement cage 


mouse was examined for 


fleas surviving) were examined for 
blocking and dissected for culture 

rhis procedure was carried out once 
with X. cheopis (Japan strain) and three 
the X, 


California. In the transmission experi 
ment with X. cheopis (Japan strain) the 


times with cheopis strain from 


concentration of viable plague organ 
isms in the feeding apparatus was 725 
x10? per ml of blood 


held for 3 days after the infectious meal 


The fleas were 


before exposure to the first mouse and 
In the three 
transmission experiments with X. 


88 infected fleas were used 
che 
opis from California the feeding con 
centration of Past. pestis ranged from 
850 « 10’ to 109 10° ml. In 


experiments these fleas were held 3 days 


per two 
prior to exposure to the mice and in the 
third experiment the fleas were held 6 
days 


RESULTS 


Table 1 presents the findings of infec- 
tion and blocking of fleas. Thirty-seven 
percent of the fleas of group 1 acquired 
the but 


infection, determination of 


blockage was not attempted. In group 


the fleas 


group 3, 


were 
14.6% 


yastro-intestinal blocks 


2. 17.8% ol blocked ; 


while in developed 
Blockage was 


first observed to occur as early as the 


Data on X 


pestis after an ixfectious meal through 


TABLE 
Past 


cheopis found harboring 
an artificial membrane 


Group | Group 2 Croup 3 
Fleas Flea 
found feeding individ 
infected ad lib ually fed 
96 hours on mouse on mous 
after 120 hours once daily 
meal alter 120 hours 
meal* after 
meal® 


Fleas 


Number tested per group 44 
Number considerec 
blocked by appearance 
and with positive cul 
ture 
Percent positive 
Percent blocked 


* Time of dissection and culture 
1 Not attempted 
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Data on inciden of Pas esis 1 pearance ol death by acute plague No 
1s during organisms were recovered trom heari 
Day follo he blood peritone il OF pletiral cavitie li 

is felt that the virulence of strain Al122 


termination 


was not enhanced. No deaths were ob 


3/6 served in mice challenged with heavy 


4 suspensions of the recovered strains 


ed DISCUSSION 


lot ate mpted, flea | dead 
Blockage of fleas with avirulent 

jrd day and as late as the 9th day fol- plague bacilli occurs in the approximate 
lowing the infectious blood meal, while time required for blockage of fleas in 
death of blocked fleas usually occurred fected with virulent strains. It is not 
ibout the 20th day. believed, however, that the ratio of 

lable 2 presents the data concerning blocked fleas is as great as occurs with 
the incidence of Past. pestis in the flea virulent bacilli (Wheeler and Douglas, 
samples removed from groups of fleas 1945) Although exposed to massive 
in the transmission experiments. The numbers of bacilli, some tleas appear to 
samples were of necessity kept small so clear themselves with relative ease 
that the flea population would not be Definite blockage did occur, however, 
critically reduced. The small samples at the rate of 14.6 to 17.8%. 
showed great variation in infection rates The number of organisms admin- 
of the fleas. In some instances, such as __ istered by fleas to each mouse in the ex- 
early in series 1 and late in series 3, an periments is unknown, as is the biting 
unusually high ratio of infected fleas incidence. The absence of lesions in ex- 
was found posed mice and the avirulence of recov- 

Single mice in the series exposed to ered organisms indicate that no en- 
the infected X. cheopis were found to hancement of virulence occurred 
harbor avirulent Past. pestis in their No attempt was made to determine 
spleens during the period from the 12th the mechanism of transfer of organisms 
to the 24th days of exposure. As seen from the fleas to the mice. It is not 
from the data presented in table 3, no thought that the mice became infected 
mice became positive before 12 days nor by eating infected fleas because the re 
after 24 days following exposure to in-_ straint of the mouse limited its move- 
fected fleas. No mice presented the ap- ment. 


PAaBLe 3,——-Infected fleas and time interval involved in transmissions of avirulent Past. pestis 


Concentration per Holding period Number of Longevity in Host mice in 
ml blood of viable in days of fleas infected days host mice transmission 
plague organisms after infectious fleas after exposure series: died 
used to infect fleas meal at 21-24 ¢ used to fleas w sacrificed 


Flea strain Transmise 


Died Negative 
cheopis Japan 725 x10 


I 

l. Died Negative 
3. Sacrificed Positive 
4. Sacrificed Negative 


4 
8 
5 
25 


2 Sacrificed Positive 
cheopis California . 2. Died Negative 
Died Negative 


5 


Negative 
cheopis California 100 X10 


Positive 
Sacrificed Negative 


Died Negative 
cheopis California 109 x10 Sacrificed Positive 
Sacrificed Negative 
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SUMMARY AND ¢ NCLUSIONS 


Avirulent Fasteuretlia pest strain 


A1122 can cause gastrointestinal block 
fleas 
mice by Xenopsylla cheop: 


age in and can be transmitted to 
Fleas were 
experiment illy infected en masse in an 
artificial feeding apparatus. No attempt 
was made the 


to determine mode of 


transmission. No enhancement of viru- 
lence was noted in A1122 by flea pas 


sage. 
REFERENCES 


Quan, S. F., Kartman, L and McManus, A, G. 
1954, Studies on Pasteurella pestis in fleas. Il 


FLEA SPECIES 


blocking of Xenops; 
train of Pasteu 
biVieilv 
, Wheeler, ¢ vl., Suyemoto 
adi Tr. and Yamakawa, Y 
of Pasteurella pest 


Infection of flea species 


1956, 

Studies 
cies, | 
trains of Pasteurella pestis 
103-106 

Wheeler, C. M., Suyemoto, W., Cavanaugh, 
D. C., Shimada, T. and Yamakawa, Y. 1956, 
Studies on Pasteurella pestis in various flea spe- 
cies. II. Simplified method for the experimental 
infection of fleas. ]. Infect. Dis. 98: 107-111 

Wheeler, C. M. and Douglas, J. R. 1945, Sylvatic 

tudies. V 


efficiency. | 


in various flea spe 
with avirulent 
J. Infect. Dis. 98: 


plague The determination of vector 


Infect. Dis. 77: 1-12 





THE SIGNIFICANCE OF ANTIGEN-ANTIBODY REACTIONS 


IN 
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Potent antigens, such as the tubercu 
loprotein and tuberculopolysaccharide 
could conceivably be present in tubercu- 
lous tissues containing disintegrating 
tubercle bacilli. And if, perchance, anti- 
body-producing cells, which at- 
tracted to the site, release their anti- 


the 


are 


bodies, simultaneous 


presence ol 
antigen and antibody could be expected 
to give rise to a precipitate in situ, simi 
lar to that the 


mixed in vitro. Because of the accom- 


formed when two are 
panying cellular reaction to such a pre- 


cipitate, it would become fixed locally. 


Furthermore, when the bacillary popu- 


lation would increase sufficiently to per 
mit the presence of an excess of either 
antigen, it is possible that resolution of 
the antigen-antibody complexes might 
occur, resulting in liquefaction of the 
precipitate, the 
The 


such an antigen-anti- 


as occurs in vitro in 


well-known ‘‘zone phenomenon.” 
conclusion that 
body precipitation in situ and the reso- 
lution of the precipitate by antigen ex- 
cess may play a role in the phenomena 
of caseation and liquefaction in tubercu- 
losis would depend upon the demonstra- 
tion of immunological specificity of the 
reactions involved. 

That the isolated tuber¢ uloprotein is 
a highly potent antigen capable of 


anti- 
bodies! as well as of calling forth the 


eliciting high concentrations of 
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cells recognized to be antibody produc- 
ers,’-* and, moreover, of accelerating 
the development of caseation and hast- 
ening death in infected animals* has 


been demonstrated. In addition to the 


studies! 


tuberculoprotein, recent sug- 
gest that the tuberculopolysaccharide 
may also play an important role in the 
disease because of its capability of sup 
pressing immunological reactions, such 
as the complement-fixation and precipi 


tin reactions. 


PLAN OF EXPERIMENTS 


In order to test the hypothesis set 
forth above, concerning the importance 
of the presence of tuberculoprotein and 
polysaccharide antigens and antibodies 
naturally present in vivo in infected 
animals, experiments were conducted 
(a) to isolate from tuberculous caseous 
material and identify tuberculoprotein 
and tuberculopolysaccharide antigens, 


antibodies to these antigens, and anti- 
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gen-antibody complexes, (b) to study 
the solubilities in antigen excess or in 
high salt concentration of antigen-anti 
body complexes whic h Can be formed inh 
vitro, ( 
the 


to study the nature, especially 


solubilities in excess antigen, of 
such complexes isolated from caseous 
lungs. 


Animals.—Since a 


periment (reference 1 and unpublished 
results 


simultaneous ex 


was it 


progress in our labora 


tory to test the relationship of anti 


bodies to the immune process in tuber- 
culosis, the serums and tissues of these 
rabbits were available for the study re- 
ported in this paper. There were 10 un- 


treated rabbits serving as controls, 


which were infected intravenously with 


a virulent 


strain (Ravenel) of bovine 


tubercle bacillus. Among these were 


two rabbits (no. 53 and 54) used in this 
study. Fifteen other rabbits were sensi 
tized by 15 weekly intracutaneous in 
jections of 0.25 mg live BCG organisms, 
two with 1 mg doses of heat-killed BCG 
organisms, and three (including no. 2 
used in this study) with 17 intracutane 
ous injec tions of the A type of tuberculo 
protein, the 


same time as the controls. Among these 


before infected at 


being 
20 treated rabbits, 8 (including rabbits 
no. L116=51* and 49 used in this study) 
were given 13 subsequent weekly intra 
cutaneous injections of 0.25 mg heat 
killed BCG organisms; two (including 
rabbit no. 46 used in this study) were 
given a similar number of injections of 
4 mg tuberculopolysaccharide; one (rab 
bit no. 41) received a similar number of 
injections of 0.5 mg tuberculoprotein; 


and nine rabbits (including no. 2, 17 


* 111651 is one of the 
Dr. Max B 
rabbits 
7. Lurie, M. B., Zappasodi, P 

1955, On the 


rabbit yiver to us b 


Lurie from his series of resistant 
lickner, 


istan to 


and 
nature ol genetic re 
light of the 
relationships in natively resistant and 
tible rabbits. Am. Rev 


tuberculosis in the host-parasite 


iIscep 


Tuberc. 72: 297-329 


REACTIONS IN 


I UBERCULOSIS 


and 31 
treatment following 
Since blood had 


these rabbits at r gular 


used in this study) received no 
infection 

been taken from 
intervals dur 
ing their sensitization and infection pe 
riods, their frozen serums were available. 
lt was possible, therefore, to select for 
study 


this 


serums known to 


contain 
antibodies in high titer only to tubercu 
2 and 41), or to 


tuberculoprotein and 


loprotein rabbits no 


both tuberculo 
polysaccharide (rabbits no. 17, 31, 49 
and I116=51 

Moreover, the organs of these rabbits 
were also available, since at death they 
were removed and frozen immediately. 
The lungs of rabbit no. 54, which was a 
rabbit and had no 
than 


bacilli, and of rabbit no 


control treatment 


other infection with tubercle 


41, which had 
been injected with BCG prior to and 


with 


tuberculoprotein after 


infection, 
were chosen for study. 

Che lungs of two guinea pigs with ex 
tensive tuberculosis which had no treat 
ment prior to nor after infection with a 
virulent (137 


tubercle bacillus, were also pooled and 


human strain Rv) of 


extracted 
Two large sacs filled with caseous ma 
the 


abdominal region adhering to the mes 


terial, which were 


found in lower 


entery of a control rabbit no. 53, were 


also selected for study. A small caseous 


nodule on the ribs of rabbit no. 46, which 


had been injected with BCG prior to 


and with tuberculopolysaccharide after 


infection was also studied. 


Vaterials and methods The antigen 


iy 


107 Il (A type 


were purified tuberculoprotein { 


109 II (B type PPD-S, and 


saccharide I previou ly ce 


tuberculopol 


cribed.! 


The presence ol antibodice in serum or ti 


extracts was detected by the direct 


precipi 
test. usil the 


rf antigens me oned above 


The presence of antigens in tissue ext: " 


detec ted by the 


direct precipitin test, using the 
“animal which were 


serums, described under 


known to have high antibody content 





4- 


1116 = 51 


guinea pigs 
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material 
rabbit no 


Caseous 


$3 


sac 


Control on serum and 


The Klett colorimeter was used for determin- 
ing the turbidity of the suspensions with filter 
660. 

EXPERIMENTAL 


Identification of antigens and anti- 
bodies in tuberculous lungs of guinea 
pigs.—The extensively involved lungs 
from two tuberculous guinea pigs were 
pooled and homogenized in phosphate 
buffer. The extract a was filtered 
through the Seitz filter, centrifuged in 
the Spinco ultracentrifuge, and an- 
alyzed for nitrogen. The lung residue 
was autoclaved with water, centrifuged, 
and the extract b filtered through the 
Seitz filter and analyzed. 

i-xtract a gave a precipitate with anti- 
serum of rabbits no. 41 and 31 (see 
table 1), indicating the presence of the 
antigens, tuberculoprotein and possibly 
of tuberculopolysaccharide. Extract 6, 
obtained after autoclaving, showed a 
precipitate only with antiserums of rab- 
bits no. 17 and I116=51, but not with 
the antiprotein antiserum of rabbit no. 
2, indicating the presence of tuberculo- 
polysaccharide antigen, which probably 
remained as a hapten after autoclaving. 
Both extracts gave only a transparent 


crystalline precipitate with normal 


serum, which was obviously nonspecific 
and is not to be confused with the finely 
dispersed specific precipitates. Since 
this crystalline precipitate occurred only 


when fluids from heterologous animals 
were used, it is not concerned with these 
studies. 

The presence of a small amount of 
antibody in extract a was also indicated 
by the precipitin reactions given with 
the antigens (table 1). 

Isolation and identification of antigens 
and antibodies in the lungs of rabbit no. 
41.—The lungs of rabbit no. 41, which 
had been sensitized by 15 weekly intra- 
cutaneous injections (0.25 mg.) of live 
BCG organisms, then infected intrave- 
nously with 0.0005 mg Ravenel strain of 
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bovine tubercle bacillus, and subse 


quently given 13 weekly injections (0.5 
A, showed at 


mg) of tuberculoprotein 


death extensive caseation with practi 


cally no normal tissue left. Similar le 
sions were found previously in rabbits 


The 


serum of this rabbit showed at the time 


sensitized with tuberculoprotein.® 


of infection heavy precipitating anti 


bodies for both tuberculoprotein and 


tuberculopolysaccharide, but after 4 in 
the the 


antibodies to the polysaccharide disap 


jections of tuberculoprotein, 
peared, while those to the protein be 
came heavier and remained so up to the 
time of death, which was only 140 days 
after inoculation. The lung of this rabbit 
weighed 65.6 g. 

It was homogenized with about twice 
its weight of 0.9% saline* and allowed 
to extract overnight at 4 C. The super 
natant, after centrifuging for 1 hour at 
3000 r.p.m. at 4 C, was filtered through 
paper and then through the Seitz filter. 
It was called extract no. 1. The tissue 
residue was then stirred with 20% sa 
hours at 37 C, and 
4 ( 


precipitate resulted which was difficult 


line, incubated 2 


kept overnight at A slimy ropy 
to separate from the liquid. By centrifu 
gation and filtration an extract was ob 
tained, which was then filtered through 
a Seitz filter. On dialysis against 0.9% 
saline a heavy precipitate occurred, 
some of which was not soluble again in 
20% saline. The insoluble material was 
removed, and the soluble portion was 
again dialyzed against 0.9% saline. The 
fraction precipitating out was called ex 
tract no. 2. The residue from the 20% 
saline extraction of the tissue was then 


rhe 


was 


mixed with water and autoclaved 
extraction 
then filtered through the Seitz filter and 


supernatant from this 


labelled extract no. 3 


The 0.9% saline extract (no. 1 


a All saline solutions used in these ex perime nts 


aA 


contained 0.01% merthiolate as a preservative 


REAC 


TIONS IN TUBERCULOSIS 79 


showed the presence of antigen when 
tested with three different antiserums 
(table 1). That the 


specific is shown by the fact that no pre 


precipitates were 
cipitate was given with normal serum 
no. 84. This extract also contained con 
siderable antibodies to tuberculopro 
tein, as shown in table 1, but no anti 
bodies to tuberculopolysaccharide. This 
is consistent with the fact that the serum 
of this rabbit also had antibodies only 
to protein. 

Neither antigens nor antibodies could 
be detected in 
no. 3 


the autoclaved extract 
Extract no. 2 will be discussed in 
the section on antigen-antibody com 
plexes 

Isolation and identification of antigen 
in the lungs of rabbit no. 54.—This rabbit 
had 
treatment prior to nor following intra 
0.0005 


Ravenel strain of bovine tubercle bacil 


was a control rabbit and had no 


venous inoculation with my 
lus. It died in 122 days with extensive 
tuberculosis. The lungs, however, were 
soft and weighed only 33.8 g. The lesions 
protruded in flower-like formation. Ex 
tracts with 0.9% 20% 


(no. 2), and after autoclaving 


saline (no. 1), 
saline 
(no. 3) were made in the same way as 
described for lung no. 41 

The presence of specific antigen was 
found in extract no. 1 when tested with 
three different antiserums, as shown in 
table 1, while no precipitate was given 
No 


extracts 


with normal serum no. 84 anti 
bodies were detected in either 
no. 1 or no. 3. A precipitate, occurring 
on dialysis of the 20° saline 
labelled no. 2, will be 


under the section on antigen-antibody 


extract 
and dis ussed 
complexes. 

Isolation and identification of antigen: 
and antibodies in caseous material of rab 
bit no. 53.—The thick caseous material 
from two thick-walled cysts, weighing 
56.7 g, found attached to the mesentery 


in the lower abdominal region of control 





0 

rabbit 53, 
caseous material, since the rabbit died 
with 94 


intravenous injection of 


no was chosen for study of 


days 
0.0005 


tubercle 


extensive tuberculosis 


alter 
mg 
bacilli. Its lungs were almost completely 


Ravenel strain of bovine 
replaced with caseous material and it 
also had tubercles in the kidneys and 
spleen 
'xtracts no 


i, 2 


from this caseous material by the 


and 3 were prepared 
same 
methods as used for lung no. 41. 

The presence of specific antigens was 
found in the 0.9% saline extract (no. 1) 
when tested against two antiserums of 
rabbits no, 41 and 49, while no precipi- 
occurred normal 
See 


tate with 
84 table 1 


with antiserum from rabbit no. 41 was 


serum no. 


Since the precipitate 
heavy, much 


especially tuberculopro 


A small 


amount of antibody also appeared to 


tein must have been present 


be present when tests were made with 
specific antigens. The presence of spe 
cific antigens and possibly some anti 
bodies would seem to furnish evidence 
that at least some of this caseous ma 
terial was of tuberculous origin. 

2, insoluble in 0.9% 


20% 


\ fraction, no 


but 


saline soluble in saline 


was 
also isolated, as in the case of the lungs 
of rabbits no. 41 and 54, and will be dis 
cussed under the following section. 
In 


Antigen-antibody complexes. this 


TABLE 2 


Tissue and rabbit numbers 
0.99% 


NaCl 


Klett 20% 
K 
Serun tigen-antibody precipitates 
No. L116 =51 with polysaccharide 
no. | Inaoluble 


Insoluble 


Crude suspensions 
Lungs No, 41— Milky 
Hard 


Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 


Part 
Lungs no. 54 
{ al no. 53 


is material no, 46 


smeous mater 


Isolated extracts no, 2 
Lungs no. 41 
Lune no, 54 


Caseous materia 


Insoluble Soluble 
Soluble 


Soluble 


Insoluble 
Insoluble 


NaCl 


Partially soluble ( 
Partially soluble 
Partially soluble 
ally soluble 


Partially « 
Partially soluble 
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study the relative solubilities of the anti- 
gen-antibody precipitates in the various 
reagents were noted by reading the tur- 
bidities of their suspensions in a Klett 
colorimeter with filter \660. These read 
ings are recorded in table 2 as the num- 
bers toward the right in each section. 
Quantitative studies of the solubilities 
will be made in the future by nitrogen 
analyses on more highly purified frac- 
tions. 

The 


formed in vitro, when tuberculoprotein 


antigen-antibody precipitates 
or tuberculopolysaccharide was added 
to their antiserums, were first studied 
These precipitates were insoluble in 
0.9% saline, as was to be expected. The 
by 
BCG 


the polysaccharide antigen- 


precipitate formed tuberculopoly- 


saccharide with 


1116=51) 
antibody complex 


antiserum (no. 
was completely sol- 
uble in excess polysaccharide, but in- 
soluble in excess tuberculoprotein. It 
was partially soluble in 20% saline. The 
precipitate, however, was so compact 
that it was not possible to disperse it 
into a suspension sufficiently to 
read in the colorimeter. Therefore, no 


fine 


turbidity readings are recorded 
The precipitate formed by tuberculo 


protein with antiserum no. 41—the pro 


tein antigen-antibody complex—was 


partially soluble in 20% saline, in excess 


tuberculoprotein, and also in excess 


Presence of antigen-antibody complexes. 


Solubilities in 


Klett Polysacchari 
kK No. 1 


Tubercul tein Klett 
K 


ompletely 
uble 
Partially soli 


Insoluble 
Insoluble 
Partially soluble 
Insoluble 


Partially soluble 


Huble 


Partially soluble 
Partially soluble 
Partially soluble 
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tuberculopolysaccharide. Its suspensions 
were very fine. 

After determining that known speci 
fic antigen-antibody complexes were 
really soluble in antigen excess as well 
as in higher salt concentration, prelimi 
nary tests were made on crude extracts 
of caseous material found in the lungs 
or elsewhere in tuberculous rabbits. 

Four crude extracts were made by 
macerating caseous material from lungs 
no. 41 and 54 and from caseous material 
from the sacs of rabbit no. 53 and from 
the caseous nodule of rabbit no. 46 in 
0.9% saline, centrifuging off the large 
clumps, and adding to aliquots of the 
milky 0.9% saline, 
(b) 20% 


yolysaccharide, and (d) 2.5 mg tubercu 
| g 


suspensions (a) 


) 


saline, (c) 2.5 mg tuberculo 


These mixtures were incu 


bated at 37 C for 30 minutes and placed 


loprotein. 
in the cold room overnight. They were 
then made up to equivalent volumes 
and read in the colorimeter. 

The results show (table 2) that in the 
crude suspensions of caseous lung ma 
terial from rabbit no. 41 and in the sus 
pension of caseous material from rab 
46 some of the ma 


Che hard 


caseous material of the lung of rabbit 


bits no. 53 and no 


terial dissolved in 20% saline 
no. 41 and from rabbit no. 46 was also 
partially soluble in excess tuber ulopro 
tein, and that from the lung of rabbit 
no. 54, and caseous nodule of rabbit no 
46 in 


These solubility results suggested the 


excess tuber ulopoly Sack haride 
possible presence ot insoluble antigen 
antibody complexes in caseous tissues 
Such complexes may be soluble in high 
found by 


salt concentration, as 


Heide lberger 


was 


and coworkers®® in the 
8. Heidelberger, M. and Kendall, F. E 
Quantitative studies on antibody purification 
] The dissocs 


pneumococcus specih 


1936 


ition of precipitates formed by 
polysaccharides and 
Med. 64 


homologous 
161-72 


antibodies | I x per 


case of pneumococcus specific precipi 


tates and albumin antigen-antibody 


complexes. 
Such fractions, which were completely 
but insoluble in 


soluble in 20°) saline 


0.9% saline, were isolated as described 
above, from the lungs of rabbits no. 41 
and 


54 and also from the caseous ma 


terial of rabbit no. 53. The solubilities 
fractions were studied, 


that 


of these three 
table 


partially 


and shows they were all 


soluble in excess tuberculo 


polysac ( haride and lth CXCeSS tubers ulo 
well as being completely 


\ cle 


of the dissociated com porn 


protein, as 
soluble in 20°, saline tailed study 
its of these 


complexes is in progress 
DISCUSSION 


Antigens of the tubercle bacillus, and 


also antibodies to these antigens have 
been shown in this study to be present 


| he \ 


concentration 


simultaneously in rabbit tissues. 


were found in greatest 


in the tuberculous lung tissue of a rabbit 
with massive caseation and also in other 
material believed that 


CASCOUS 


Opie’” 


the simultaneous presence of antigen 
in the tissues resulted in 


Arthus and Breton" 


and antibody 


local precipitation 


spoke about the “soft caseous material 


at the bottom of an ulcer’ caused by 


the injection of horse serum into a pre 


viously sensitized rabbit. Taliaferro and 


9 Heidelberger, M i d ks ibat, | \ 


Quantitative studies on a 


1938, 
tibod production 


Il. The dissociation of antibody from pne 
mococcus specific precipitates and specificall 
agglutinated pneumococes | Med 
67: 181-99 
Opie, | I 
by at 


with antigen. The relation of as 


exper 


1924 


tibody in an animal previous! 


Acute inflammation caused 


treated 


body in the Arthu phenome 


9: 255-68 
Arthu M. and 


cutanées 


sreto 
produites par 
V il Chez ke 
par et pour ce sér 


BO 


érum, de che 


im. Compt 
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Sarles* in their studies on immunity to 


Nippostronglus muris, showed clearly 
that ‘Antibodies (precipitins and pos- 
sibly other humoral factors) immobilize, 
form precipitates in and around, stunt 
and sometimes kill the worms.” 

It is possible, therefore, that such 
antigen-antibody complexes are regu- 
larly contained in the caseous masses 
found in tuberculous tissue. In fact, a 
fraction was isolated from tuberculous 
lungs and other caseous material which 
was soluble in 20% saline but insoluble 
in 0.9°% saline, and the solubility was re- 
versible. The solution of this precipitate 
might be explained as a dissociation by 
strong salt of an antigen-antibody com- 
plex, such as had been found by Heidel- 


*.9 in their studies 


berger and coworkers 
on the immunology of the pneumococ- 
cus. However, the strongest evidence 
that these fractions contain such com- 
plexes is that they are soluble to some 
extent in excess antigen. 

Our results show, furthermore, that 
an antigen-antibody complex made by 
BCG 


berculopolysaccharide antigen, may be 


precipitating antiserum by tu- 
readily and completely dissolved in anti- 
gen excess, whereas the complex involv- 
ing the 


much less soluble in its antigen excess. 


tuberculoprotein antigen is 
It was interesting that the precipitate 
of the antiprotein serum (rabbit no. 41) 
made by the tuber uloprotein could 
also be resolved to some extent by the 
addition of excess tuberculopolysac- 
charide. However, this is consistent with 


the previous finding' that the polysac- 


12. Taliaferro, W. H. and Sarles, M. P. 1939, The 
cellular reactions in the skin, lungs and in 
testine of normal and immune rats after in- 
fection with Nippostronglus muris. J. Infect 
Dis. 64: 157-193 

1942, The histopathology of the skin, 
lungs and intestine of rats during passive im 
munity to Nippostrongylus muris. J. Infect 

dis. 71: 69-82 


charide was able to inhibit the precipita- 
tion between protein antiserum and the 
protein, as well as the complement- 
fixation of PPD-S by this antiserum. 
The mechanism of this inhibition reac- 
The 


portance of the tuberculopolysaccharide 


tion is under investigation. im- 
in these immunological reactions should 
be emphasized, since in the region of 
polysaccharide excess no precipitate 
was obtained with antiserum known to 
contain specific antibodies for this anti 
gen. Furthermore, the fact that this re- 
gion of antigen excess begins with an 
extremely low concentration of poly 
saccharide (10 y per 0.1 ml serum) fo- 
cuses attention on the high immunologi 
cal reactivity of this antigen. It is possi 
ble, therefore, that the presence of anti 
bodies in serum may be masked by such 
an antigen. 

It was found previously! that anti- 
bodies to the tuberculopolysaccharide 
were deficient in two rabbits of known 
genetic susceptibility to tuberculosis 
and in other rabbits unable to produce 
antibodies to polysaccharide, or in 
which these antibodies had been sup 
pressed through the injection of excess 
tuberculoprotein or polysaccharide. In 
the 


kind of antigen-antibody complex, that 


all such rabbits more dissociable 
with the polysaccharide, would probably 
not be present to any extent. On the 
other hand, both dissociable and less 
dissociable types of complexes could be 
expected to be present in rabbits capa 
ble of forming voth types of antibodies. 

The findings with rabbit no. 41 were 
consistent with these expectations. It 


had 


berculoprotein following infection and 


received many injections of tu- 
showed heavy anti-protein antibodies 
but 


in its serum. 


no antipolysaccharide antibodies 
Moreover, both antigen 
and antibody, and exclusively the anti 
protein antibody, were demonstrated in 
its lung tissue. It died relatively soon, 
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and at autopsy the lungs were almost 
completely filled with large solid case- 
ous lesions and there was extensive 
tuberculosis throughout the body. Lurie’ 
found that ‘“‘caseous masses of tubercles 
in the susceptible animal containing 
bacilli 


amorphous, whereas the corresponding 


numerous are compact and 


foci in resistant rabbits undergo rapid 
and extensive liquefaction.” 
Rich” stated that 


caseation occurs 


in infections caused by microorganisms 


that attract mononuclears, as in tu 


berculosis, typhoid, syphilis and tu 
laremia. It is also in this group of cells 
that the chief producers of antibodies 
have been found.‘® Moreover, mono- 
cytes? and plasma cells’ and antibodies 
to tuberculoprotein' have been shown 
to increase following injections of tu 
that 
involved in caseation is 
indicated by the fact 
Rich* that “in certain 


animals which for reasons . 


berculoprotein. Further evidence 
antibodies are 
mentioned by 
desensitized 
.. lose their 
resistance, necrosis of tissue does not 
occur even though enormous numbers 
of bacilli the 

” Furthermore, Yamamura and 


tissues 


are concentrated in 
coworkers" were able to produc € cavities 


by injecting heat killed bovine tubercle 


13. Rich, A 
losis. Baltimore, C. C. Thomas, p. 742. 

14. Yamamura, Y., Yasaka, S., Nakamura, S 
Yamaguchi, M., Ogawa, Y., Endo, K 
Takeuchi, H 


of tuberculous 


1950, The Pathogenesis of Tubercu 


and 
1955, Experimental formation 
chemical consti 
Japan Acad 

6: 197-203 


cavity by 
tuents of tubercle bacilli, Proc 
31: 36-40; Med. J. Osaka Univ 
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bacilli, suspended in paraffin oil and 
anhydrous lanoline, into the lung of 
the had 
previously sensitized by killed tubercle 


bacilli. 


rabbits, only if rabbits been 


SUMMARY 


Spec ific antibodies to tuberculo pro- 
tein and tuberculopolysaccharide were 
found in serum of rabbits repeatedly 
sensitized with BCG. 

The 


formed by adding tuberculopolysaccha 


antigen-antibody precipitate 
ride to BCG antiserum was completely 
soluble in excess polysa haride 


‘| he 


formed by adding tuberculoprotein to 


antigen-antibody precipitate 
antiprotein serum was partially soluble 
in excess tuberculoprotein, in excess 
polysaccharide, and also in 20% saline. 


rhe 


specific antibodies and specific antigens 


simultaneous presence ol both 
was found in tuberculous caseous lungs 
and in other caseous material 
isolated from two 


Fractions were 


tuberculous lungs and other caseous 
material which were insoluble in 0.9% 
saline but soluble in 20% saline. These 
fractions were shown to contain specifi 
antigen-antibody complexes, since they 
were partially soluble in antigen excess 

It is suggested that such complexes 
formed in situ in tuberculous tissues 
could be resolved when the antigen con 
centration reaches the region of antigen 
excess. Suc h resolution ould occur more 
rapidly in animals where the antibodies 


to polysac ‘ haride ire more abundant 
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There is considerable 


the 


evidence to 


support view that in the patho 


genesis of acute rheumatic fever and 


acute glomerulonephritis a preceding 
infection with beta hemolytic strepto- 
cocci is necessary. However, only a very 
small percentage of hemolytic strepto- 
coccal infections are followed by these 
sequelae and the exact relationship is 
yet to bedetermined. Among the hypoth- 
eses of the pathogenesis of rheumatic 
the 


would favor 


1-3 


fever is one which 


heredity in its occurrence, namely, a 
the 


Strong emphasis is placed on environ 


fundamental difference in host. 
mental factors by many investigators, 
and others suggest that certain strains 
of hemolytic streptococci may have 
rheumatogenic properties,‘ but, to date 
these strains or properties have not been 
On the 


epidemiologic 


identified basis of recent 


observ at ions,® * it does 


appear, however, that there may well 


Received for publication April 30, 1956 
Wilson, M. G. 1940, Rheumatic Fever, New 
York, The Commonwealth Fund. 

Read, F. E. M., Ciocco, A. and Taussig, H. B. 
1938, The frequency of rheumatic manifesta- 
tions among the siblings, parents, uncles, 
aunts, and grandparents of rheumatic and con- 
trol patients. Am. J. Hyg. 27: 719-737. 
Wilson, M. G., Schweitzer, H. D. and Lub- 
schez, R. 1943, The familial epidemiology of 
rheumatic fever. I. Genetic studies. J. Pediat 
22: 468-492, 

Coburn, A. F. and Young, D. C. 1949, The 
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Dingle, J. H. 1952, Significance of the epidemi- 


Rammelkamp, ( 


ological differences between acute nephritis 


and acute rheumatic fever. Tr. Assoc. Am. 


Phys. 65: 168-175 


be ‘‘nephritogenic” strains of hemolytic 
Many of the 


characteristics of hemolyti 


streptococci. biological 
strepto 
and 


cocci have been well-documented 


there have been numerous studies of 
individual strains of hemolytic strepto 
cocci recovered from patients with one 
or another of the clinical manifestations 
of streptococcal infections. There have 


been no reports comparing biological 


characteristics of hemolytic streptococci 


isolated from groups of patients exhibit- 
ing manifestations of streptococcal in 
fections or their complications. 

It is the purpose of this paper to re 
port the results of studies of some of the 
characteristics of 


biological certain 


strains* of hemolytic streptoccoci re 
covered from patients with streptococcal 
infections or complications of strepto 
coccal infections, in an effort to deter 
mine if there might be any findings 
indicative of the so-called nephritogeni« 
or rheumatogenic strains. The 86 strains 
from 80 individuals were isolated from 4 
groups of patients with the following 
diagnoses: (1) acute rheumatic fever 
(throat cultures were obtained within 2 
to 3 weeks from the time of onset and 
were assumed to be the strain respon 
sible for the preceding sore throat); (2 
acute glomerulonephritis (these throat 


cultures were also obtained within 2 to 3 


6. Rammelkamp, C. H., Jr., Stetson, C. A., 
Krause, R. N., Perry, W. D. and Koehn, R. J 
1954, Epidemic nephritis. Tr. Assoc. Am. 
Phys. 67: 276-282. 

* Sixty-seven of these strains were obtained 
from Dr. Floyd W. Denny, formerly of the De 
partment of Pediatrics, Vanderbilt 
School of Medicine 


University, 


84 
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weeks from the time of onset and were 
assumed to be the organism responsible 


for the preceding streptococcal infec 


pharyngitis 


tion); (3) streptococcal 


without complications; and (4) strepto 
coccal carriers who had the same group 


and type of hemolytic streptococci in 


their throat for several months without 


any clinical manifestations. 


METHODS AND MATERIALS 


The streptococci from each patient were iso 
lated in pure culture and then the following char 
acteristics were determined for each strain 

l Group and type 

2. Reduction of methylene blue 

3. Carbohydrate fermentation. (a) trehalose, 


b sorbitol, ( 


r lactose f 


glycerol, (d) mannitol, 
rt 


ucrose, g) rathnose, 
h)} salicin, (i) inulin 

Ability to liquefy gelatin 

Ability to resist heating at 60 C for 30 
minutes 

Final pH in 1% glucose broth 


The u 


characteristi 


ual methods of testing for the above 


were employed and then 


each strain was tested for its ability to 
produce 

Streptol sin O 

Streptolysin S 

Streptokinase 

Hyaluronic acid 
11. H 
12. Proteinase 
13. Erythrogeni 
Streptolysin O 


hours at 37 Cin 


aluronidase 
toxir 
Cultures grown for 18 


Podd-Hewitt broth 


were 
rhe strepto 
t prior to use by the addition 
ne hydrochloride. The 

table 1. The ap 
up to 
Five 
W/15 


was 


per mil of L cyste 


performed i how 
nt of stre ptoly in was made 


addition of 


propriate amo 
1.5 ml by the 


tenths ml of 5% 


normal saline 


rabbit ern throe ytes i! 
buffer in normal saline pH 7.2, 


each tube. The shaken 


incubated at 37 C for 1 hour, centri 


phosphate 
added to 


\ igorously 


tubes were 


ults read. The last tube, reading 


W hic h he moly 


fuged and the re 


from tube 1, in 


f 


TABLE 1 Procedure for the 


sis appeared, was 
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taken as the end point. If the hemolytic end point 


was seen in tube number 1, that particular strain 


irbitrarily was recorded as producing streptol 


n an amount of 1+, tube number 


Streptolysin rhe method employed for the 
determination of streptolysin 


from that of Weld.’ Yeast 


the work of Bernheimer 


S was adapted 
ac id was 
ind Rod 


ction of 


ribonucleic 
added because 
bart® indicated an increase in prod 
S after the addition of thi 
incubated at 37 C for 13 hour 


ighls chilled and centri 


itant was 


treptol) material 
Cultures 
rhe 
fuged until the 
natant was discarded a 
pH approximately 8.0, inacti 
idded. Sterile gla 
tube 
hour ube 


d centrifuges The 


were 
tubes were thorot 
clear. The super 
d 0.5 ml of horse serum, 
56 C for 40 
bead 


h iken in a 


upern 


ited at 
were 
hakit »” 
thorough! 
dilution 
W/15 pho 
100, 1: 500, 
idded 1.0 


hed rabbit erythro 


minutes, was 
added 
machine for one 
ch lled il 
of the 


ind the 

were 
following 
erum extra t nade in 
phate buffer, pH 7 32, Sc8G, 3 
1:1000, and 1: 2000. To each tube wa 
ml. of a 1% uspension of wa 
1 incubated i i water 


cytes. The tubes were the 


bath at 37 ) our, and after centrifuging 
were obser, ) mi j Result 
corded as the ¢ lution of 
howing hemolysi 
Streptokinase 
heart infusion broth containing 
0.001% phenol red were tested by the 
lysis method of Kaplan et al.* ¢ 
neutralized frequently during the last 8 hours of 
vith 1 NaOH te 


tubes 


were re 
erum extract 
Eighteen-ho in beef 
and 


fibrin clot 


ir culture 
1% dextrose 
ulture were 
growth 
7.0. The 


nates were clear 


table 2 Phe tube 


1 pH of approximately 
ged us 


and the test wa 


were centrif til the super 
performed as 
hown in observed for 
lr. 1934, The to 

hemolytic 
59: 83-95 
\.W.ar 


icids and of « 


extract ot 
Med 
8. Bernheimer 


effect of 


trept 


d Rodbart, M 

irboh 
the formation of streptolysin. J. Exper 
88: 149-168 

9. Kaplan, N. H 
fibrinolysis, II] 
estimation of 


Inve 


1948, The 
drates on 


Med 


uclei 


1946, Studi ol streptococs al 
A quantitative method for the 
erum antifibrinolysi I. Cli 


m, 25: 346-551 


tigati 
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PaBLe 2 


Dilution of streptokinase (in phosphate buffer, pH 7.35) 


Fibrinoger ; 
Thrombin (1 


4 mg/ml of phosphate buffer) 
10 in phosphate buffer) 


37 C. The 
expressed as the highest dilution 
When 


nearly always completely 


lysis after 30 minutes incubation at 


results were 


which showed complete lysis lysis was 
observed, the clot was 
ly ~~ d. 

Hyaluronic acid 
Seastone’® was 
[he growth medium was beef 


infusion (Difco) plus 10% 


\ semiquantitative method 


described by used to test for 


hyaluronic acid 
heart sterile sheep 
serum. After 24 hours incubation at 37 C, 2 drops 
of 0.2 phenol red were added to each tube and the 
culture brought to about pH 7.6 with 0.5 M 
NaOH. Serial dilutions of the clear supernatant 
were made in 0.85% NaCl as follows: undiluted, 
1:10, 1:20, 1:40, 1:80 
microprecipitin tubes over acidified normal horse 


one-half 


The formation of a precipitate at the inter- 


These were taken up into 


erum and readings were made after 
hour 
face indicated the presence of hyaluronic acid. 
Uninoculated mediums gave no ring at the inter 
face. 
Hyaluronidase.—The 


nation of hyaluronidase was based on the mucin 


method for the determi- 


clot prevention technique of McClean" as modi- 
fied by Quinn.” Failure of clot formation indi 
cated the presence of hyaluronidase, The results 
were expressed in the final dilution of culture 
supernate which prevented clot formation 
Proteinase The method described by Elliot 
and Dole” was employed for the determination of 


proteinase. The growth medium was beef heart 


y 


infusion broth (Difco) plus 2.0% bacto-peptone 
and 0.2% dextrose. Strains were grown for 24 
37 C and dilutions of 1:10 and 1:100 
of the supernate were made in phosphate buffer 


pH 7.0. 


hours at 


Three-tenths ml aliquots of the diluted 


10. Seastone, C. V. 1943, The occurrence of 
mucoid polysaccharide in hemolytic strepto 
cocci of human origin. J. Exper. Med. 77: 
21-28 
McClean, D 
tors Il 
and their correlation with skin diffusing ac- 
tivity. Biochem. J. 37: 169-177. 

Quinn, R. W. 1948, Studies of the mucin-clot 
test for 


1943, Studies in diffusing fac- 
Methods of assay of hyaluronidase 


prevention the determination of 
the antihyaluronidase titre of human serum 
]. Clin. Investigation, 27: 463-470. 

Elliot, S. D. and Dole, V. P. 1947, An inac- 
tive precursor of streptococcal proteinase 
J. Exper. Med, 85: 305-320. 


Procedure for the determination of streptokinase 


Undiluted 
0.5 mi/tube 
0.5 mi /tube 
0.1 ml/tube 


culture supernate and milk-thioglycolate mix 
ture were mixed in agglutination tubes and incu 
37 C. It is 
important that the entire procedure be performed 


bated in a water bath for 18 hours at 


using sterile equipment and sterile technique 
Coagulation of the milk was interpreted as an 
indication of the presence of proteinase 
Erythrogenic toxin.—The method used was an 
adaptation of the methods described by Wad 
worth" and Smith.” The medium employed wa 
(Difco 


Cultures 


beef heart infusion 
(Difco). 
hours at 37 C and then allowed to stand at room 


with 2.0% proteose 


peptone were grown fot 24 


temperature for 14 hours. The supernatants were 
placed in sterile tubes and heated in a water bath 
56 C 


until tested 


The tubes were then 
Dilutions of 1:10 and 
1:100 were made in physiological saline 


for 30 minutes at 
stored at 2 ¢ 
and 
0.1 cc injected intradermally into a white female 
goat aged 18 months. Skin reactions were read at 
18 hours. The slightest erythema about the in 
jection site of either dilution was recorded as a 
positive reaction indicating the presence of 
erythrogenic toxins since sterile medium gave no 
erythema. 


RESULTS 


The results are recorded in tables 3, 
4, and 5. All of the strains were 8 hemo- 
lytic and group A with the exception of 
one which could not be grouped. Slightly 
over half were not typeable with the 
available typing serums.* With very 
few exceptions the results of the reduc- 
tion of methylene blue, fermentation of 


14. Wadsworth, A. B. 1947, Standard Methods 


of the Division of Laboratories and Research 


of the New York State Department of 
Health, Baltimore, Williams and Wilkins 
Company. 

. Smith, J. 1927, The exotoxins of the hemo 
lytic streptococci. J. Path. & Bact. 30: 651 
666. 

* Groups A, B, C, D, G. Types 1, 2, 3, 4, 5, 6, 
8, 11, 12, 13, 14, 15, 17, 18, 19, 22, 23, 24, 25, 26, 
28, 29, 30, 31, 32, 33, 36, 37, 38, 39, 40, 41, 42, 
43, 44,46, and 47. The grouping and typing sera 
were generously supplied by Dr. Elaine L. 
Updyke, Communicable Disease Center, Cham 
blee, Georgia. 
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PaBLE 3.—Number of strains according 


lo group and type. 


Rheu- Pharyn 
matics gitis 


{ 


x 


Pema 


LP rrr rr re 


Total 26 


NT, non-typeable; NG, non-groupable 

the various carbohydrates, liquefaction 
of gelatin, ability to resist 60 C for 30 
minutes and the final pH were the same 
for all of the strains recovered from each 
of the four clinical syndromes regardless 
of the serological type, and were the 
same as those listed by Swift in Dubos 
for group A streptococci. 

The typeable, nontypeable and non- 
groupable strains are listed in table 3. 
It is noteworthy that group A, type 12, 
which frequently has been associated 
with acute glomerulonephritis, was re- 
covered from 13 of the 26 patients with 
this diagnosis, types 4, 6 and no type be 
ing isolated from the remaining thir- 
teen. In none of the other groups of pa- 
tients was any type predominant al- 
though nontypeable strains were in 
heavy majority. These findings indicate 
that a variety of types of group A can 


and did cause pharyngitis and upper 


16. Dubos, R. J 
Infections of 


Man, 
Lippincott Company. 


Philadelphia, J. B. 


TABLE 4 


Strepto- 


Streptolysin Streptolysin 
0 Ss 


5 ) 
1 i 
j 5 
0 1 
9 10 
11 14 
2 2 
44 38 
0 0 


75 72 


1952, Bacterial and Mycotic 


Hyaluronic 
kinase acid 


STREPTOCOCCI 


respiratory infections which preceded 
glomeruloneph- 
that the 


carrier streptoc occi were not selected at 


rheumatic fever and 


ritis. It should be made clear 


random, but were picked to be repre- 
sentative of the types available from 
Carriers. 

In table 4, are listed the extracellular 
components and enzymes produced by 
each of the typeable and nontypeable 
strains of group A streptococci. There 
were no signficant differences among the 
different types in their production of any 
of the substances measured, nor be 
tween the typeable and non-typeable 
strains with the exception of proteinase 
which was elaborated four times as 
frequently by nontypeable strains 

In table 5 the bacteria are grouped 
according to the four clinical patterns 
with which they were associated. There 
were differences when the enzyme pro- 
duction of the strains associated with 
rheumatic fever were compared with 
nephritis and indeed there were differ- 
ences in enzyme production among the 
bacteria recovered from each of the four 
is felt that 


not biologically 


clinical syndromes, but it 
these differences wert 
any ol 


specific for the streptococcal 


diseases even though statistical sig 
nificance can be attached to some of the 
Variations, 

In general, enzyme production of 
specific types was the same qualitatively 
but there were striking differences in 
the quantity produced and in several 


instances the same type recovered from 


Relationship of substances produced to group and type. 


Hyaluron 


idase 


Proteinase Erythrogenic 
toxin 
0 
0 
3 
0 
0 
0 
0 
7 
0 


10 





Ropert A. HARDIN, RoBERT W. Quinn, AND Roy C. AVERY 


TasLe § 


Substance produced 


Streptolysin O 
Streptolysin § 
Streptokinase 
Hyaluronic acid 
Hyaluronidase 
Proteinase*® 
Erythrogenic toxint 


Total number of strains in each group that were tested 


21 
19 
26 
26 

i 

5 
22 


26 


Enzyme production of strains associated with clinical syndromes. 


Nephritics Rheumatics Pharyngitis Carriers 


17 
22 


16 7 
25 10 
19 20 7 
22 21 6 
6 5 0 
9 7 2 
il 14 6 


25 25 


10 


* The following strains were not tested for proteinase production: 1 nephritic, 4 rheumatics, and 8 pharyngitis 
f 2 rheumatics, 2 pharyngitis, and 1 carrier. 


* Erythrogenic Toxin production was not determined for 
different patients or on one or two occa- 
sions from the same patient but at 
different times, exhibited marked differ- 
ences. For example, of three type 1's 
from three different carriers, one did not 
produce streptolysin O, two did not 
produce streptokinase, and two did not 
produce proteinase. Fourteen strains 
of type 12 were alike in enzyme pro- 
duction except for three which did not 
produce streptolysin S and two which 
failed to elaborate erythrogenic toxin 
and streptolysin O. Inconsistencies were 
noted in type 6, one of which produced 
no streptolysin O, one no streptolysin S 
and three no erythrogenic toxin. Two 
type 4 streptococci recovered from a 
patient with rheumatic fever approxi- 
mately a week apart differed markedly 
in the quantity of streptolysin S pro- 
duced and one produced both strepto 
lysin O and proteinase while the other 
elaborated neither. Hyaluronidase pro 
duction was limited to the three strains 
of type 4 and seven non-typeable. 

In the original work of Elliot’ it was 


that M 


protein and proteinase were mutually 


suggested the production of 
exclusive and the presence of proteinase 
may interfere with or make it impossible 
A 


Later however, Rothbard 


to type certain strains of group 
streptococci 


and Todd'* showed that the ability to 


17. Elliot, S, D. 1945, A proteolytic enzyme pro- 
duced by group A streptococci with special 
reference to its effect on the type-specific M 
antigen. J. Exper. Med. 81: 573-592. 


18. Rothbard, S. and Todd, E. W. 1948, Pro- 


produce streptococcal proteinase ap- 
peared to be related to the strain and 
not necessarily to the serological type 
and that many typeable strains which 


M 


proteinase. They also obtained data 


produced protein also produced 
which indicated that proteinase or non- 
proteinase-producing strains of various 
serological types were not associated 
with any particular variety of infectious 
The the 


experiment tend to corroborate those of 


process. results of present 
Rothbard and Todd because four type- 
able, M-producing strains also elabo- 
rated proteinase and proteinase pro- 
ducers were recovered from patients in 
all four of the clinical categories. It is 
that 


streptococci produced proteinase four 


significant though, non-typeable 
times as frequently as those which were 
typeable. 

Practically all streptococci associated 
with scarlet fever form erythrogenic 
toxins,'® but of those isolated from the 
four patient groups, only 67.4 percent 
formed erythrogenic toxin. Forty-six 
and six-tenths percent of these were type- 
able, 53.4% non-typeable. Significantly 
of the 


erythrogenic toxin producers than was 


more nephritic strains were 


the case with strains from any of the 


duction of Proteinase by hemolytic strepto- 
cocci in various clinical conditions. J. Exper. 
Med. 87: 283-294. 

. Coffey, J. M. 1938, Further observations on 
the toxigenic properties of hemolytic strepto- 
cocci. J. Immunol. 35: 121-130, 
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other clinical syndromes, although none 


of the patients had scarlet fever 


DISCUSSION 


Perhaps it is too much to expect to 
demonstrate in vitro biological differ 
ences in bacteria, which might explain 
why rheumatic fever or nephritis occurs 
after infection with certain types. In 
vitro measurements probably resemble 
remotely, if at all, the actual biological 
the host 


behavior of these bacteria in 


and then too it may not be specific 
strains of the infectious organisms at all 
which are responsible for certain com 
plications of 


streptococcal infections, 


there may be certain characteristics 
of the host which render him suse eptible 
to rheumatic fever. Bearing in mind the 
short comings of in vitro determinations, 
these studies furnish no evidence of the 
association of any specific type of group 
A hemolytic streptococcus with patients 
with rheumatic fever. A variety of type 
able and non-typeable strains were re 
covered from these patients and none of 
them exhibited biologi« 


any spec ial 


characteristic which might in any way 
set it 


apart as a so-called rheumato 


genic streptococcus. In other words it 
would appear that any group A strepto 
coccus could cause an upper respiratory 
infection which might be followed by 
rheumatic fever 


The 


from 26 patients with acute glomerulo 


recovery of 13 type 12 strains 


nephritis certainly suggests that there 
may be some characteristic of this type 
which renders it more nephritogeni 
than other types but these studies failed 
to reveal this characteristic. If there is a 


nephritogenic substance, other sero 


logical types of streptococci must elabo 


rate it too since 11 non-typeable, one 
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type 4 and one type 6 also were isolated 


from patients with acute glomerulo 
nephritis. It should be emphasized too 
that these 26 patients admitted to the 
pediatric service of Vanderbilt Hospital 
were probably only a small percentage 
the Middle 


information 1s 
the 


of the cases occurring in 


lennessee area and no 


available concerning types of 
streptococci associated with the cases 


which were not admitted 


SUMMARY AND CONCLUSIONS 


Eighty-six strains of B hemolytic 
streptococci were isolated from eighty 
patients. Twenty-five were from pa 
tients with acute rheumati 


13 of 


glomerulonephritis, 25 from acute phat 


fever, 26, 


which were type 12, from acute 


yngitis and 10 from carriers who wer 
clinically ill. Each 


grouped and typed and tested for well 


not strain Was 


known characteristics listed previously 


these results were remarkably similar 


! with those 


for each strain and identica 
usually associated with group A strepto 
cocci. In addition, determinations were 
made for streptolysin O, streptolysin S, 
streptokinase, hyaluronic acid, hyal 
uronidase, proteinase and erythrogeni 


‘T here 


both qualitatively 


toxin were striking differences 


and quantitatively 
in the elaboration of these substances by 
many of the strains and occasionally by 


strains of the same type 


No pattern ol 
enzyme production characteristic of any 


typeable or non-typeable strain or of 


those strains recovered from patients 


with any of the four clinical syndromes 


could be demonstrated, nor could any 


“rheumatogenic” or ‘“‘nephritogenic”’ 


substance be related to their cultural, 


enzymatic, or serologic characteristics 
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STRAINS OF VIBRIO CHOLERAE FOR THE 


IMMUNITY TO ASIATIC CHOLERA 
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SYED 8S. HUSAIN AND WILLIAM BURROWS 
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The virulence of Vibrio cholerae, like 
that of many similar pathogenic micro- 
organisms, is as yet a highly uncertain 
quality. While there is adequate reason 
to believe that isolates of the culturally 
and serologically “‘typical” vibrio from 
clinically characteristic cases of the dis- 
ease are capable of causing cholera in 
man, viz., laboratory infections includ- 
ing the famous human experiment of 
Pettenkofer, 


laboratory procedure which will allow 


von there is as yet no 


the identification of virulence in these 


microorganisms, 


Virulence for man is an essential 


feature of the definition of this micro- 


organism. The isolation of culturally 
vibrios under 
the 


disease does not occur leads to the belief 


typical ‘‘agglutinable”’ 


circumstances in’ which human 
that its characterization is inadequate. 
the identification of the 
Celebes vibrio (de Moor, 1938), differing 
y 
by the Greig test, as the etiologic agent 
of epidemic in the 
Netherlands that was 


indistinguishable from Asiatic cholera 


Conversely, 


from cholerae in that it is hemolytic 


diarrheal disease 
Kast Indies 
on the one hand, the common occurrence 
identical, El 
vibrios of serological O group | 
the of diarrheal disease 
1938) on the other, also 


suggest that the essential features of the 


of closely similar, if not 
‘Tor 
ith absen Cc 


(Doorenbos, 


etiologic agent are as yet not fully de- 
fined. It is possible that the disease 
Asiatic cholera may be caused by more 
than one variety of the genus Vibrio 
but not by still others, but such hypo 
thetical lack 


substantiation. 


differences in virulence 
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mnois 
The epidemiological evidence (Swa- 
roop and Pollitzer, 1955) is taken by 
that 
areas, such as the Ganges Delta, the 


some to suggest at least in some 
case is not an immediately important 
source of epidemic infection. The source 
of infection in the epidemic disease 
frequently appears to be contaminated 
water, but the origin of the contamina 
tion is not clearly defined nor, in fact, 
the 


coincide with peaks in the numbers of 


do epidemic periods invariably 
agglutinable vibrios found in the river 
waters (Krishnan, personal communica 
tion). It might be inferred that even a 
short sojourn in the human intestinal 
tract suffices to give rise to avirulent 
of the 


workers (Pandit and Hora, 1951) have 


variants vibrios, and some 
suggested the hilsa fish constitutes an 
animal reservior of the virulent micro- 
organism that is favored by the reduced 
Bengal. Such 


possibilities necessarily remain purely 


salinity of the Bay of 


speculative in the absence of criteria for 
virulence, and therefore precise char- 
acterization, of V. cholerae. 

Probably the best working definition 
of V. cholerae is that of a morphologi- 
cally, culturally and serologically typical 
microorganism isolated in pure culture, 
or substantially so, from the rice water 
stool of a patient with the clinically 
typical disease. The last term requires 
modification for in the experience of one 
of us (W. B.) “typical” clinical cholera 
is closely simulated in undernourished 
individuals by severe diarrheal disease 
of other than V. 
typical human case of the disease, then, 


cholerae etiology. The 


should occur during an epidemic of 


cholera rather than in an interepidemic 


period. 
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Virulence for man is commonly, and 
no doubt sometimes questionably, in 
ferred from the demonstrable virulence 
of the microorganism for a laboratory 
animal. In 1885 Koch reported enteric 


infection of the guinea pig achieved 


by intragastric inoculation of V. cholerae 
culture. This kind of infection was sub 
sequently studied by Cantacuzene and 
Marie (1914), Sanarelli (1921), and most 
recently by Burrows, Elliott and Havens 
(1947), Dutta and 


Habbu (1955), but has not been applied 


Freter (1955b) and 


to the assay of the relative virulence of 
The mouse test 
introduced by Griffitts (1942) and used 
by Ranta (1943) 
surrows, and 
(1947) 


used 


strains of V. cholerae. 


and Dolman and 


Mather, Elliott 


is an adaptation of the method 


Havens 


of the virulence of 
Salmonella typhi (Siler et al, 1941) and 


consists of the intraperitoneal inocula 


for the assay 


tion of mice with graded doses of the 
microorganisms suspended in 5% mucin 
Pheresulting fatal infection isafulminat 
ing bacteremia, quite unlike the local 
ized enteric infection of human cholera 
While marked dissimilarity between the 
naturally 


experimental and occurring 


infections may not be significant as in 
the case of intracerebral 


1951 ) or 


versus in 


tranasal (Pittman, inhalation 


(Fishel, 1955) challenge inoculation with 
Hemophilu i 
difficult to 


in the mouse, it is 
the 


pertusst 
recom ile 


the 


fulminating 


bacteremia in mouse and the es 


sentially local infection confined to the 
lumen of the bowel in man produced by 
V. cholerae with the same mechanisms 
of microbial pathogenicity. Neverthe 


less, the mouse test has been widely 
applied in both the assay of virulence of 
V. cholerae and of immunogenic potency 
of cholera vaccines. This test does not 
appear to have been studied systemati- 
cally in an attempt to correlate human 
and mouse virulence, and such a study 


is the subject of the present report 


CHOLERAI 


FOR Mic! 


MATERIALS AND METHODS 
Vibrio 


any attempt to assay the virulence of V 


strains.—An essential preliminary to 
cholerae 
for man as expressed or reflected in behavior 
under experimental conditions is the availability 
of a group of strains of the vibrio with precisely 
known histories from which some assumption of 
lo this 
end one of us (W.B.)* studied a group of 48 cases 
of ty pical clinical cholera admitted to the Nil 
ratan Sarkar Medical College Hospital (Campbell 
Calcutta 


human virulence may be hypothecated 


Hospital) in 

March of 1953 
portion of the annual spring epidemic in Bengal 
2to4 


Cases, diagnosed on clinical grounds as cholera, 


during February and 


This period represented the early 
in that year; at the beginning of the study 


were admitted per week, and when the study 
was concluded the admission rate was approxi 
mately 40 per day 

Of these 48 case 
yielded a pure culture of culturally characteristic 
and 


The remainder may 


, one clinically typical case 


but inagglutinable vibrio was discarded 
from present consideration 
be regarded as bacteriologically confirmed in so 
far as the cultural and serological character of the 
isolates was concerned, Six of the confirmed case 


4 hour 5 


while one re lapsed and died on the ith day 


were fatal; 5 died within of admission, 


In 43 


or almost 90% of the cases, the first culture was 


taken within 30 hours of onset of symptoms; in 


20 or 42.5%, the first culture was taken within 18 


hours; and in 6 cases the interval was 6 hours or 


less, including one taken at 3 hours and one at 4 
wn 


hours after onset. In 2 cases the 


could not be 


time of onset 


ascertained. No patient receive | 
chemotherapy during hospitalization, and only 
one had received sulfaguanidine prior to admis 
Stool 


until death or discharge from the hospital, and a 


sion specimens were cultured every day 


* In collaboration with Dr. C. E. Lankford of 
the University of mace 
Krish 
All-India Institute for 
Hygiene and Public Health who made laboratory 
facilities available, and that of Dre. M. N. Lahiri 
and P. N. Bose of the staff of the In 
of Dr. A. Mondal of the infectious disease section 
of the Nilratan Sarkar Medical College Hospital 
Ihe work was also facilitated by the active inter 
est of Dr. K. V. Venkatraman of the Calcutta 
School of Tropical Medicine. Dr. W. M 
and Dr. R. Pollitzer of the Division of Com 
municable Disease Control of the World Health 
Organization, and Dr, C 


Texas. This study wa 
pos ible by the cooperation of Dr. K. \ 


nan, Director of the 


titute ind 


G. Pandit, secretary of 
the Indian Medical Research Council were of in 


valuable assistance in planning the stud 
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group of 14 


ented all 


isolates was obtained which repre 
tayves of the 


to isolate | 


disease. No atte mpt was 


mace cholerae other than by direct 


lt 
cul 


re; enrichment methods for isolation of 


ibrios present only in small numbers would no 
doubt have given positive cultures over periods 
longer than the maximum of 6 days observed 
here 

rhe vibrio strains were serologically typed on 
isolation with monospecific Inaba, Ogawa and R 


upplied by the Central Research In 


antiserum 


titute, Kasauli, as well as with antiserums pre 
pared at the University of Chicago and the Uni 
versity of Texas. With one exception all isolates 
were of the Ogawa serotype. Strains reacting with 
after the 


On subsequent study all 


R antiserum found occasionally 
trd day of the 


tra 


were 

di CAM 
were found to be gram negative vibrios, 
Heibe ry fermentative ty pe I, and negative to the 
Greig test for hemolysis, thu 


usual definition of } 


conforming to the 


cholerae. The cultures were 


maintained in the frozen state as suspensions in 


1% peptone water at 70 C, and as used in this 
study represented the Sth transplant from the 
original isolation plates. Certain of these 
have used by 
1954) and Freter 
ind by 


erological character of vibrio mucinases and on 


trains 
Gallut 
(1956) in studies on endotoxin, 
1955a, 1955b) in 


been other workers, by 


Freter studies on the 
experimental enteric infection of the guinea pig 
rhe strains used in the work reported here are 
shown in table 1 
Colonial mor phology.—Prior to the isolation of 


just described, the colonial 
stock 
examination 
Henry, 1933 
\ variety of colonial types were ap 
could be 


a minute translucent achromatic 


the vibrio trains 


morphologs of strains of V. cholerae wa 


tudied by 


mitted light 


under oblique tran 

using the dissection 
MNCTOSCOTM 
parent which resolved into 4 general 
type VIZ {a 


ibout 1 


similar type 


colons mm in diameter; (b) a closel, 


distinguished by friability and a 


roughened surface that gave a cut-glass appear 


ince; (« i dense, raised, white form 1 to 3 mm in 


diameter; and (d) a granular form 1 to 4 mm iy 


diameter showing a variable (from strain to 


strain) degree of irregular concentric striation 


and characterized by a chromatic appearance 
varying from bronze to green from the top to the 
bottom of the individual colony. The distinctive 
ness of these types varied from one medium to 


They 


2-1" agar (2% glucose and 1% glycerol in NaCl 


inother were sharply differentiated on 
nutrient agar), and relatively indistinct on pep 
tone water agar, while on veal infusion agar all 
The cut-glass 
type appeared to be the most stable, but all were 


tended to assume the dense form 


relatively unstable on all mediums and especially 


on McConkey’s. agar. A thionin-glycerol agar 


1% Bacto peptone, 0.2% glycerol, 1.5% agar, 
to a concentration of 10 wg per 100 ml, 
and adjusted to pH 8.0) was developed which 


allowed maximal differentiation of 


> 
thionin 


the colonial 

prolonged viability not obtainable with 
‘2-1" agar, and a high degree of stability of 
colonial rhis 
medium was not inhibitory in that it gave sub 
stantially 


type on successive subculture 


the same plate counts as blood agar 
and peptone water agar 

A group of 103 stock vibrio strains of varied 
origin, including Indian strains received through 
the National Institutes of Health in 1942, El Tor 
strains of O group I, strains isolated during the 
Chungking and Egyptian epidemics, strains from 
Bengal, 


cultured on thionin-glycerol agar and examined 


Japan and Indochina and from were 
for colonial morphology Of these, 26 were the 
18 the cut-gla 
dense type, and 24 the granular chromatic type 
No colonial type 
I l lor 


V. cholerae. 


translucent type, type, 35 the 


ippeared to be associated with 


vibrios in contrast to the strains of 


When the Calcutta group of V. cholerae strains 


described above was isolated 3 mediums were 


inoculated with rice water stools or rectal swab 


pecimens. These were the bile salt agar (NaCl 
nutrient agar containing 0.5% sodium taurocho- 
late and adjusted to pH 8.0 
the isolation of 
Calcutta, 2-1" 


medium just described. It was of particular inter 


routinely used for 


cholera vibrios by workers in 


medium, and the thionin-glycerol 


est to find that of the colonial types demonstrable 


on the last two mediums, only the granular 


chromatic type occurred on the primary isolation 
plates; there appeared to be no relation between 
the degree of striation and the history of the 


isolate that 


It seemed probable, the 1. colonial 


types other than this may be regarded tenta 
tively as variant types of uncertain relation to the 
human disease, Only vibrio cultures showing this 
colonial type were use? in the present study 
Animal inoculation.—The inoculum was pre 
pared from frozen cultures grown on thionin 
glycerol agar for 24 hours, and harvested in 
chilled physiological salt solution; it represented 
the 6th transplant from the original isolation 


Ten-fold 


chilled 5% sterile gastric mucin, held at 2 C until 


plates dilutions were prepared in 
used, and immediately after animal inoculation 
3 highest 


dilutions were made by pour plate using thionin- 


was completed, viable counts of the 
glycerol agar. It may be noted in passing that the 
* Acid fuchsin, eosinate of methylene blue, or 


malachite green may be used in place of thionin 


but gave a slightly reduced differential effect 
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PARLE | ource and character of V. cholerae strains isolated at 
Campbell Hospital, Calcutta in 1953 


} 


imount 


te, pen-bred stra 
the mediu form susceptibilit 
were surrounded by - S, pre umably lerae The mic 12 to 14 
consequence of muci activity. A similar phe- vere inoculated intraperitone 
nomenon has been n 1! others (Cherr per- with 0.5 ml of the serially 


1 . " 
sonal comn icatio 


«curred in 24 to 
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48 hours, and the period of observation was ar- 
bitrarily limited to 72 hours in the LDygo titra- 
tions. The LDg of viable microorganisms as 
shown by plate count was interpolated by the 
Reed and Meunch method. 

In addition to the determination of the con- 
ventional LDyo as an expression of virulence, the 
developing bacteremia was followed in some 
groups of infected animals by periodic quantita- 
tive blood culture. Groups of 8 animals were 
used. The inoculums were varied, but the highest 
dilutions were sufficient to give approximately 
100 % mortality except in the case of the aviru- 
lent RK strains. Blood was taken 2 hours after 
Inoculation and at intervals of 2 hours thereafter 
up to 8 hours; after 8 hours the interval was ex- 
tended to 4 to 6 hours to the end of the total ob- 
servation period of 16 to 20 hours when no deaths 
occurred, Most of the experiments were of shorter 
duration since no specimens were taken after the 
animals began to die because of the selective 
effect of survival. 

Specimens were taken by cardiac puncture, 
using an 0.25 ml syringe and } inch 24-gauge 
needle, from anesthetized sacrificed animals. Ten- 
fold dilutions of the 0.1 ml specimen were made 
in chilled 1% citrate solution (pH 7.3), and plates 
of thionin-glycerol agar inoculated by spreading 
the inoculums over the surface of the medium 
After 24 hours incubation the plates were exam- 
ined and counted. The cultures were almost 
always pure cultures, and in no instance was the 
colonial morphology other than identical with 
that of the culture used for animal inoculation 


and observed on primary isolation. 
RESULTS 


It might be supposed that the strains 
of V. cholerae the greatest 
virulence for man would be isolated from 


having 


fatal cases of the disease dying within 24 
to 48 hours of onset of symptoms, while 
those from nonfatal cases would be of 
lesser virulence. Of those strains in the 
second group, it might be argued that 
the infection in those persons giving 
only 1 or 2 positive cultures was least 
virulent since it was eliminated so 
rapidly, or, conversely, that the least 
virulence for man was indicated by 
persistence of the microorganisms in 
persons showing clinical recovery. How- 
ever this may be, uniformity of the host 
with respect to some degree of pre-exist- 


ing immunity and rapidity of an effec- 
tive immune response and/or resistance 
to infection of other than an immuno- 
logical character, is implicit in any such 
While individual differ- 
ences may be washed out in large series 
of cases, it is unlikely that they can be 
disregarded in a series consisting of only 


assumptions. 


15 recovered cases and 4 fatal cases such 
as that studied here. Nevertheless, if 
there were large differences in mouse 
virulence between strains isolated from 
fatal and nonfatal cases, or isolated on 
the first day of the disease in contract 
with the 5th or 6th day, some indication 
of such differences might be found even 
in a small series. 

Table 2 shows the mouse virulence of 
isolates as the conventional LDg5»o, with 
the cases grouped according to the 


above considerations. It is clear from 


these data that there was no marked 


TABLE 2.— Virulence of strains of V. cholerae. 


Days of 
positive 
culture 


Outcome of Case 
disease no. 


Strain 
no 


LDw 


Fatal 400 401 536 
440 441 
370 $71 
372 
140 141 
142 
143 
144 


Nonfatal 41 
101 
161 
24la 
241b 
41 
61 
62 
251 
252 
481 


482K 4,050 


1,030 


119 
57 
1,810 
2,300 
1,900 
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association of mouse virulence with 
suggested possible differences in human 
virulence. Thus the mouse virulence of 
isolates from fatal cases is not signifi- 
that 


found for isolates, early or late, from 


cantly different from generally 
nonfatal cases. 

kinds of 
generalization are apparent. First, some 
100, 130, 410, 


appeared to be infected with vibrios of 


Two exceptions to this 


cases, notably and 
relatively low mouse virulence. Second, 
the R 


virulence for the mouse. R strains are 


strains were of much reduced 
defined as those agglutinating in anti-R 
serum; the colonial morphology of these 
that of O 


group | strains that did not agglutinate 


strains was identical with 


in anti-R serum, but in some cases the 


consistency of the colony was more 
friable. It is probably the appearance of 
R strains that 


sional reported occurrence of strains of 


accounts for the occa- 
V. cholerae of reduced virulence later in 
the disease. 


In two series of isolates from nonfatal 


cases, however, there was an apparent 


progressive increase in mouse virulence 


from the first to the last isolate. The 


data for case 20 are shown in table 3, 
and those for case 170 in table 4. The 
isolates from case 20 were the first series 
to be studied, and the titrations were 
repeated twice. While no end is served 
by elaborate statistical analysis, the 
variability is indicated by the deviations 
from the averages. In the case of experi- 
ment 1, the average deviation in per- 
cent is 13.3; that in experiment 2, 40.1; 
and that in experiment 3, 0.1. In con- 


PABLE 3 
strains isolated from case 20 


Comparative virulence of vibrio 


LD 


Exp. 1 Exp. 2 Exp. 3 Average 
117,500 160 ,000 96 000 124,000 
a8 OOO 130.080 78 000 98 666 
32,255 49 000 60.000 43,918 

7,650 19,000 9,100 11,917 
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ABLE 4.—Comparative virulence of vibrio 
strains isolated from case 170 


Strain no LDes Fold in 

94 000 0 

17,500 5.4 

8,000 ba 
800 117.0 
950 


rease 


trast, the difference between the average 
LDso for strain 21 and that for strain 24 
is 10.4-fold. The titration of the mouse 
virulence of successive isolates from 
case 170 was not replicated, but there 
the fold increase was even greater, 117 
for strain 174, and almost 100 for strain 
175. This progressive change in mouse 
virulence was not observed in other 
series of isolates (see table 2). 

The failure of the conventional mouse 
LDyso titration to show any apparent 


relation to inferred human virulence 
suggested that further examination of 
the mouse infection might be profitable. 
The method of quantitative blood cul 
ture described above was, therefore, 
applied to mouse infections with some 
of the 


results are shown in tables 5, 6, and 7 


vibrio strains. Representative 


using strain 401 to represent the strains 
from fatal cases, strain 321 the strains 
from nonfatal cases, and 385R to re 
present the R strains. While the vari 
ability to be expected in this kind of 
the tabled data 


rather than ex 


experiment occurred, 


represent medians 
Paste 5.—Bacteremia in mice 
infected with strain 401, 


Hours 
after 
culation 16.5 x10 16.5 x10« 


Inoculum 
6.5 X10 16.5 x10 


550 ,000* 
1,808 000 
id (1/6)T 
4d (5/6) 
id (6/6) 


6,000 0 0 
138 ,000 100 100 


~a 
w 


2,400 000 
2d (2/5 
3d (5/5) 


6,000 1s 000 


w 


510,000 
id (1/4) 
td (4/4 


476,000 


cee~soOuUanven 


24 (2/4) 
2d (4/4) 


wn 


* Vibrios per ml blood; $010 
1 Deaths and accumulated deaths 
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TABLE 6 Jacleremia in mice 
infected with strain 321. 


Inoculum 


18.5 x10 18.5 K108 18.510 18.5 10! 


1.668 ,O90* 
10 840 ,000 
id (1/6)? 
2d (3/6 
td (6/6) 


160 , 500 0 
466 ,000 0 


810,000 14,600 
/ « 


250 ,000 
2,114,000 
2d (2/4) 
10 id (3/4) 


13,000 
74,000 


( 
2/5) 
‘ 
‘s 


* Vibr 
1 Deaths 


per ml blood; 0 510 
and accumulated deaths 


tremes of the differences observed (see 
tables 8 and 10) 
It is data that 


strains 401 and 321, isolated from fatal 


evident from these 


and nonfatal cases respectively, differed 
laB_e 7.-—Bacteremia in mice infected 
with strain 385R 


Inoculum 


25 x10 25 X108 25 K106 25 x10 
4, 900* 0 0 0 
19,000 180 0 0 

6 789 ,000 20 , 800 2,100 0 

10 td (1/5)9 480 000 7,460 840 

16 ld (3/5 9,000 $20 0 


* Vibrios per ml blood; 0510 

t Deaths and accumulated deaths 
from one another to a considerable de- 
the 
vibrios cultivable from the blood when 


gree with respect to numbers of 


deaths began to occur, and in the rates 


at which numbers of vibrios present in 


TABLE 8.-——Summary of bacteremia in 
fatal mouse infections, 


Fold 
increase 


in bloodt 


Origir ~~ culum Deaths a nene ft 
Fatal 

cases 1 655 ,000 15 

1 59 ,000 17 

10! ,020,000 13 

im 2,000 10 

108 360 , 000 9 

io 500 ,000 28 

<1 476,000 47 


x108 ,000 , 000 

108 ! , 760 ,000 
4x10 480 ,000 
18.5108 810,000 


* Vibrios per ml! of blood 
* -fean fold increase per 2 hours, 


TABLE 9.—Comparison of vibrio strains from 
fatal and nonfatal cases 


Fold 


Fatal difference 


Criterion Nonfatal 


Mean fold increase 

in blood per 2 

hours 20.1 3.65 
Mean level of bax 

teremia preced 


ing death 438 ,892 5,512,500 12.56 


the blood increased during the period of 
observation. The data on the R strain, 
385R, are difficult to compare with the 
other two because of its low virulence 
for the mouse. Additional strains were 
total of 
examined by this method. Of these, 7 


had fatal 


were O group I strains isolated 


studied to gave a 16 strains 


been isolated from cases, 5 
from 
nonfatal cases, and 4 were K strains. 
Data on the O group I strains 
table 8. The 


bacteremia shown are those found in the 


are 
summarized in levels of 


last culture before deaths began to 


occur in the groups of animals receiving 
the 100% 
mortality, or nearly so, on the assump 


smallest inoculum to give 
tion that these are reasonably compa- 
rable to one another. In the calculation 
of the fold increases in the numbers of 
cultivable vibrios per 2 hour interval, 
only those groups for which 3 or more 
successive bacterial counts were avail- 


able were used, and negative culture 


TABLE 10.—Percentage of inoculated vibrios 
appearing in the blood at 2 hours. 


d r 
Strain : Approximate inoculum 


no. 


Disease 

1 x10" 1 x108 

Fatal 141 08 92 
142 63 00 
143 09 13 
144 24 49 
371 08 21 
372 52 46 
401 64 


Nonfatal 22 00 
(0 strains) 24 5.38 
171 ° 15 
175 . 05 
321 67 
Nonfatal 385 
(R strains) 416b 00S 
416d 0020 
4\6e 
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was not counted. The R strains are not 
included in table 8 since there was no 
inoculation series giving 100! 
ity. It that 
siderabie degree of consistency 


the 


® mortal 


is evident there is a con- 
within 
fatal 


nonfatal cases, that the variability with 


groups ol strains from and 
in each group is approximately the same, 
and that the groups differ appreciably 
from one another 

fold 
numbers of vibrios in the blood per 
the 
immediately 


the 


Using the mean increase in 


hour interval, and mean level of 


bac teremia preceding 


deaths as the criteria, iifferences 


between vibrio strains of faial and non 
fatal origin are shown in table 9, with 
3.65 and 12.56-fold differences respec 
tively between the two groups. Again, 
the small numbers hardly justify statis- 
tical analysis though the mean fold in 
creases in numbers of vibrios were 
based on 39 individual rates in the case 
of the fatal 


individual rates for those from nonfatal 


strains of origin, and 22 
cases 

The fulminating nature of the fatal 
bacteremia led to attempts to pass the 
infection directly from mouse to mouse 


the Mice 


infected intraperitoneally with 


without use of mucin. were 


vibrios 
in mucin suspension, blood taken at 4 
to 6 hours after inoculation, pooled and 
into other 


inoculated intravenously 


mice. This experiment was replicated a 
number of times using varied primary 
inoculums, but in no instance was it 
possible to infect mice by the intrave 
nous inoculation of heavily infected 
While the fold increase in num- 


the blood 


patible with the assumption that multi 


blood 
bers of vibrios in was com- 
plication was taking place in the cir- 
culating blood, at the same time there 
was no assurance that the bacteremia 
was more than a reflection of a general- 
the 
blood infection was consistent with some 


ized infection. Failure to transmit 
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such secondary role of the bacteremia 
No attempt was made to assess the 
the 
peritoneal cavity infection, but data on 


the 


rate of increase in numbers of 


level of bacteremia 2 hours alter 
intraperitoneal inoculation were aggre 
gated in the form of percentage of the 
inoculum cultivable from the blood at 
this time. These data are shown in table 
10, It seems probable that at this early 
stage in the infection, and particularly 
since vibrios were detectable in the blood 
this that had 


received relatively large inoculums, that 


early only in animals 
the bacteria in the blood represented 
spillover from the peritoneal infection 
for the most part. It is apparent in 
these data that, with two, or possibly 


three, exceptions the percentages are 


remarkably constant for the O group | 


strains with no differentiation between 
those of fatal and nonfatal origin. From 
this point of view, the R strains were 
the O group 
100 fold dil 


percentages, 


sharply set apart trom 


I strains with more than 
ferences in the observed 
and suyyesting that their reduced mouse 
virulence may be due to more effective 
control of the intraperitoneal infection 
by the host, or relative inability to 
spread from the focus of infection 


Che 


passed to a 


peritoneal infection could be 


second mouse USIn_ per 
itoneal washings clarified by high speed 
centrifugation but containing 

110* viable vibrios per ml. An 


ulum of 0.5 ml of 
ficed 


about 
brian 

this material suf 
to produce a fatal infection in 
about half the mice inoculated, to give 
an LDsgo about 2 logs greater than that 
observed with culture vibrios suspended 
in 5 percent mucin (see table 2). Control 
experiments in which mice were ino¢ 

sterile 
the 


used 


ulated intraperitoneally with 


mucin solution, sacrificed, and 


centrifuged peritoneal washings 


for suspension of serial dilutions of 


culture vibrios gave an LDg of more 
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than 110’ vibrios, a level closely 
similar to that obtainable with vibrios 
suspended in salt solution, and ap- 
proaching the toxicity level. These re- 
sults were taken to suggest either an 
the mouse of 


vibrios growing in the peritoneal cavity 


enhanced virulence for 


of that animal, or the presence of some 
other 
than mucin. Titration of the virulence 


virulence-enhancing substance 
of vibrios sedimented from the infected 
peritoneal washings gave no indication 
of increased virulence, nor was it pos- 
sible to remove viable vibrios from the 
infected washings by filtration, heating 
it 56 C for 1 hour, or treatment with 
ethyl ether, and show that the material 
enhanced the virulence of culture vibrios 
suspended in it. Since the question of a 
selective enhancement of virulence for 
the mouse appeared to be somewhat 
irrelevant to a correlation of mouse 
virulence with postulated virulence of 
the vibrios for man, the suggestive ob- 
servation of transmission of the peri- 
toneal infection was not pursued further. 


DISCUSSION 


From the evidence presented here 
there seems to be no clear correlation 
the 


cholerae measured by the conventional 


between mouse virulence of V. 
LDogo technic and human virulence that 
might be inferred from clinical data. 
Thus 8 vibrio strains isolated from 4 
fatal cases of the disease, 4 of the strains 
from one case, showed mouse LDgo's 
ranging from 38 to 536, and 15 strains 
isolated from 9 nonfatal cases had sub- 
stantially the same mouse virulence, 
ranging from 78 to 550. Seven strains 
(table 2) isolated from 3 nonfatal cases, 
however, were of less virulence for the 
mouse with LDso's ranging from 7,600 
to 127,000; 1 case contributed 4 of these 
another strains. 


While it would appear that nonfatal 


strains, and case 2 


cholera in man can be caused by vibrio 


strains of mouse virulence as great as 
that of strains from fatal cases, and also 
by strains of much less virulence for the 
mouse, the small numbers studied do not 
justify the conclusion that fatal cholera 
is invariably an infection with strains of 
high mouse virulence. 

The results also offer no support for 
the assumption that vibrio strains of O 
group | isolated late in the disease are of 
virulence for either 
fact 
served in two series of 4 and 5 isolates 


reduced man or 


mouse. In the contrary was ob- 
in which the mouse virulence increased 
progressively from the first to last iso- 
late. Since such systematic changes in 
mouse virulence were not observed in 
other, seemingly identical, series of iso- 
lates, it is difficult to account for their 
occurrence or attach significance to 
them. These observations may be taken 
to further substantiate the 


conclusion that initiation of the human 


tentative 


disease is independent of the mouse 


virulence of the invading  micro- 
organisms. 

The R variants appearing later in the 
disease were of markedly reduced mouse 
virulence and their appearance was ap- 
parently unrelated to the mouse viru- 
lence of earlier isolates in that they were 
recovered from individuals infected 
with strains of both high and low mouse 
virulence. 

Confidence in such implications of the 
data presented here is necessarily tem- 
pered by the number of transplants un- 
avoidably intervening between primary 
isolation and mouse inoculation even 
though a constant colonial type was 
maintained. 

The question of the relation between 
mouse and human virulence of V. 
cholerae is of practical significance in the 


selection of vaccine strains and assay of 


their immunogenic potency. The pres- 


ent practice of selecting vaccine and 
challenge strains on the basis of high 
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mouse virulence gives high immuno- 
the 
challenge strains having LDso's far be 
levels. It 


genic potency assays by use of 


low toxicity is a method of 
protecting the mouse against cholera, 
but not necessarily one of providing a 
preparation that will give an effective 
prophylactic immunity against the dis 
ease in man. The data reported here 
suggest that the mouse L.Dsgp criterion of 
virulence is, in fact, quite irrelevant to 
cholera in man. 


When the 


lowed by 


mouse infection was fol 
periodic quantitative blood 
that it 
may be possible to differentiate between 
fatal 
origin, and that the relative avirulence 
of R that of 


less virulent O group I strains. It may 


culture, the results suggested 


vibrio strains of and nonfatal 


strains is different from 
be reasonably assumed that the primary 
the 


per itoneal 


infection is established at 
the 
the 


locus ol 
point of inoculation, 


cavity. Conceivably infected area 
may function as a quiescent reservoir of 
infection, but it seems more probable 
that active multiplication occurs to give 
a true infection; certainly very large 
numbers of viable vibrios were present 
in peritoneal washings taken at 6 hours 
when the bacteremia 


after inoculation 


had already reached maximal or near 


maximal levels. In any case, it is clear 
that the infectious agent is disseminated 
from the peritoneal cavity, certainly 
into the bloodstream and possibly more 
widely. The immediate cause of death 
is unknown other than a possible endo 
toxin toxemia 


Viewing the results reported here 


such a background, it is ap 


that the 


against 


parent rate of spillover of 
vibrios from the peritoneal cavity into 
the blood is appreciable, possibly 1 to 
10% 


the case of O 


in the first 2 hours of infection in 


The 


vibrios 


group I vibrios 


regular rate of increase of 


cultivable from the blood is consistent 
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with an assumption of multiplication in 
the bloodstream; the maximum fold in 
crease per 2-hour period observed, 47.0, 
is equivalent to a generation time of just 
under 23 minutes if all progeny were 
cultivable. It is unlikely, though, that 
the observed increases in numbers can 
be attributed to multiplication in the 
Undoubtedly the 


bacteremia continues to be fed from the 


bloodstream alone. 
peritoneal cavity at the same or possibly 
an increasing rate from a continuously 
growing population. Thus there are at 
least three obvious contributing factors 
of uncertain quantitative importance to 
the numbers of 


observed increase il} 


vibrios in the blood. In addition, some 
unknown portion of new cells may be 
destroyed by the defense mechanisms of 
the normal animal. Presumably these 
are highly effective in the intact animal 
since mucin is required for the initiation 
than 
vibrios, but 


the 


of infection by other very large 


numbers of may be ovet 


whelmed early in infection since 


the rate of 
the 


there was no evidence that 
increase in 
blood 


gressed 


numbers of vibrios in 


increased as the infection pro 
In general the observed num 
bers may be taken to represent multi- 
plication and/or leakage of vibrios into 
the bloodstream minus those destroyed 
or syphoned off into tissues other than 
blood. 

Thus in assaying the indicated differ- 
ences between O 


group | vibrios of 


fatal and nonfatal origin, and assuming 


the blood to be a representative tissue, 


it may be concluded that, on the whole, 
strains isolated from fatal cases of the 
disease were more invasive by a factor 
of 3.6 than strains isolated from non- 
fatal cases. In view of the considerations 
outlined above, it is not clear what in- 
vasive means. 

Ihe other criterion of differentiation 
between O group I strains of fatal and 
nonfatal the level of 


origin is mean 
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bacteremia reached before deaths began 
to occur. As shown earlier (table 9), this 
was found to be about 12.5-fold greater 
for strains of nonfatal origin. This might 
be taken to that the 


from cases were 


suggest strains 


fatal 


toxic in that fewer vibrios were required 


isolated more 
to produce a fatal toxemia. This appears 


to be unlikely for two reasons. First, 
differences as great as 10-fold or more 
should be apparent in toxicity studies. 
Gallut (1954) detectable differ- 


ences in the diffusible 


found 
“4-hour” toxin 
between some of these same strains, but 
10 fold nor related to 


nonfatal 


not as great as 
Freter 


(1956), who studied whole cell toxicity 


fatal or origin, and 
of these strains, found no differences in 
toxicity associated with origin. Second, 
with large inoculums, 110’ or more 
vibrios, which are near the toxicity level 
the 


effects of tissue invasion, the average 


and therefore should minimize 
survival time was 4.65 hours, while that 


of animals receiving nonfatal strains 
was 5.83 hours. These differences do not 
appear to be compatible with 10-fold 
differences in toxicity even assuming an 
unusually high toxicity of vibrios pro- 
duced by in vivo multiplication. 

The the avirulent R 


strains in the mouse may have some sig- 


behav ior ol 


nificance in the interpretation of the 
observed differences between O group | 
strains of different origin. Comparable 
data were not available since the LDgo’s 
levels anc 
the 
the inoculum could be dis- 


were not far below toxicity 


100% 


toxicity olf 


mortality groups in which 


regarded did not occur. Nevertheless, 
the mean level of bacteremia could be 
approximated at 5 to 810’ vibrios per 
ml of blood, and the mean fold increase 
in the blood per 2-hour interval was 4.6. 
On the basis of these two criteria, the R 
strains were intermediate between vibrio 
strains of fatal origin and those isolated 
cases of the disease, 


from nonfatal 


SvepD S. HUSAIN AND WILLIAM Burrows 


resembling the former in mean level of 
bacteremia, and the latter in rate of in- 
crease in the blood. As pointed out 
earlier, however, they differed from both 
with respect to the percentage of the 
inoculum found in the blood at 2 hours 


(see table 10), and it may be inferred 


that they spread from the initial peri 


toneal cavity infection much less readily 
than the O group | strains. 

Assuming that all the strains of V. 
cholerae studied here are equally toxic, 
equally able to set up an initial infection 
in the presence of mucin, and capable of 
substantially the same rate of unin- 
hibited multiplication, it is possible to 
separate them into three groups on the 
basis of the effects of relative invasive- 
ness though without definition of the 
causal elements of that invasiveness. On 
the basis of the experimental data and 
inferences from those data, the group of 
strains of predominantly fatal origin, 
the group of O group I strains of pre 
dominantly and the 
group of R strains may be characterized 


nonfatal origin, 


as follows: 
(1) The O 
rapidly from the peritoneal cavity, with 


group I vibrios spread 
1 to 10% of the inoculum demonstrable 
by blood culture at 2 hours. 

(a) The 
fatal origin increase rapidly in the blood, 


strains of predominantly 


possibly as a consequence of an in 
creasing rate of dissemination from the 
peritoneal focus of infection, multiplica- 
tion in the blood stream, or failure of 
defense mechanisms to remove them, or 
The 


reached 


any combination of these factors 


maximal level of bacteremia 
just before deaths begin to occur re- 
because of 
the 


hematogenous source of infection. The 


mains moderate, possibly 


invasion of other tissues from 
lethal amount of toxicity is probably 
widely distributed in susceptible tissues. 


(b) The 


nonfatal origin increase in numbers in 


strains of predominantly 
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the blood at only a moderate rate, pos 


sibly because the rate of spillover from 


the pe ritoneal cavity does not increase 


as the infection progresses or 
multiplication in the blood is not sig- 
nificant. It seems unlikely that the mi- 
croorganisms are destroyed to any large 
the blood 


to high 


extent in thei 


the 


because of 


accumulation levels. For 


Same reason 
the 


suthcient 


invasion of other tissues 


trom blood may be 


limited though 
effectively to inhibit 


The lethal 


accumulated may be 


defense 


mechanisms amount ol 


toxicity regarded 


is less widely, though reasonably effe 


tively, distributed in susceptible tissues; 


this is consistent with the 


slightly, 
longer survival time 

2) The R strains appear to be limited 
in their ability to spread from the focus 
ol infection in the peritoneal Cavity, 
and reach only moderate numbers in the 
blood and then decline. The decrease in 
the level of bactere mia is consistent with 
the assumption that they are unable to 


invade other 


the extent of 
producing injury sufficient to affect the 


tissues to 


normal antibacterial and clear ing mech 


anisms. The accumulated toxicity may 


not be as widely distributed in suscep 


tible tissues but tends to be confined to 


the initial focus of 


infection, and thus 


contribute to and a 


irregular deaths 
prolonged survival time 

If fatality in the human infection may 
be taken as an indicator of the relative 
virulence of | the 


that such 


cholerae tor man, 


data reported here suggest 


virulent strains of the microorganism 


are demonstrably the 


more invasive in 


mouse. There is no a priori reason for 
Asiatic cholera 


is an extreme example of a true enteri 


such an association since 
infection, one in which there is little or 
no invasion of the tissues from the focus 
the bowel. 


of infection in the lumen of 


rhe 


strains of fatal origin is perhaps no more 


greater 


invasiveness of vibrio 
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than an association with, or a reflection 
of, other the 
related to 


the pathogenesis of the disease in 


elements of virulence of 


microorganism more nearly 


man 
SUMMARY 
A thionin glycerol 


the differentiation of 


widely different colonial types of Vibrio 


igar 1s described 


which allows 


cholerae when 


examined by oblique 
transmitted light. Of the four main types 
and a variet' ol 


intermediate types, 


only one, designated the 


granular chro 
matic type, was found on primary isola 
tion plates 

\ total of 47 serial 
fatal and 
was examined in the 6th 
the 


isolates of | 


cholerae trom nonfatal cases 


of the disease 


transplant from isolation 


original 
plates for mouse virulence by the con 


LI’, 


mouse 


ventional method. No correlation 


between virulence and origin of 


O group I strains was found, and it was 
that 


com luded hum itl cholera MWihay be 


caused by vibrio strains of either high 
rx low virulence. R 


than the 


mouse strains, 


isolated not earlier jrd day of 


the disease in nonfatal cases, were found 


to be of low mouse virulence 


\ method of periodic quantitative 


blood culture was devised which made 


it possible to follow the 


the 


cle velopment ol 


mouse with O 


Infection 


miection 


group I strains disseminated 


rapidly 
from the peritoneal 
with 1 to 10% of the 


vable from the blood 


cavity intection, 


inoculum culti 
while R 
the 


the 


it 2 hours, 
strains showed less than 0.005% of 
inoculum the 


present in blood in 


same time. It 


fold 


strains of | 


was found that the mean 


increase in numbers of O 


KrOoup | 
cholerae « ultivable irom the 
blood was 20.1 for strains 


the 


isolated from 


fatal cases ol disease in 


contrast to 


5.5 for sts 


isolate d 
the 


ins nonfatal 


le vel ol 
before deaths 


irom 


cases. ( ontrariwise, mean 


bacteremia reached just 


began to occur was approximately 
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438,900 for strains of fatal origin, and 


5,512,500 for strains of nonfatal origin. 
The taken to that 


vibrio strains isolated from fatal cases 


data are suggest 
of the human disease are more invasive 
in the mouse than those isolated from 


nonfatal cases. 
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FURTHER EXPERIMENTS ON 
OF SPIDER MONKEYS TO 


THE SELECTIVE SUSCEPTIBILITY 
POLIOMYELITIC 


INFECTION 


CLAUS W. JUNGEBLUT AND GONZALO BAUTISTA, JR 


From the Department of Microbiology 


College of Physicians and Surgeons, 


Columbia University, New York City 


that Old 
World monkeys are more susceptible to 


It is generally believed 
infection with poliomyelitis virus than 
the Western hemisphere. 


Among the New World monkeys two 


those of 


South American species of spider mon 
keys (Aleles ater, Aleles fusciceps robu 
tus) were reported as being naturally 
refractory to poliomyelitis virus by 
MacKay and Schroeder! in 1935 
again in 1952 by Rodaniche.? On 
hand, Gomez,’ 
Mexican spider monkeys (Ateles neglec 
1951, had no difficulty in 


ducing paralytic infection in these ani 


and 
the 


other with 


working 


tu in pro 


mals. The aforementioned workers used 
for their experiments the Flexner M\ 
strain (mixed virus) or freshly isolated 
strains which had not been typed sero 
logic ally. 

It seemed possible that the divergent 
results were influenced less by the selec 
monkey than by the choice of 


Ther 


tibility of spider monkeys from South or 


tion ol 


strain fore, the status of suscep 


Central America to poliomyelitic infec 
Received for publication May 7, 1956 
Presented in part before the Society of Experi 

mental Pathology at the Federation meetings in 

April 1955 
\ided by a grant from the Sister 

Kenny Foundation 

1. MacKay, E. M 


ice of spider 


San Francisco, 


Elizabeth 


and Schroeder, C. R 
monke 


with vit of acute 


1935. 
lteles ater) to 
anterior polio 


Exper tiol. & Med. 33: 


litis. Proc "a 


73-374 
ce Rodaniche I ( 


certal 


195? Susceptibility of 


n specn s to the 
of acute anterior poliomyelitis, Am. J 
Med. & Hyg. 1:2: 205-209 

1951, Algunos 
poliomyelitis experimental, Thesis, University 


of Puebla, Puebla, Pue., Mexico 1-67. 


of panamanian monkey 


lrop 


(,omez, | 


aspectos de la 


fuse cep 


1954 by 
Rodani he.‘ All 


serological types of virus were employed 


tion was reinvestigated in 


Jungeblut and three 


in this work as well as Col SK virus, 
since the latter virus shares many of the 
properties of poliomyelitis virus. It was 
that (A tele 


robustus, geoffreyi) were 


found spider monkeys 
Alele 
highly susceptible to intracerebral infec 
tion with three strains of type | polio 
(Brunhilde, Mahoney, 
J V.) and Col SK virus but were com 


plete ly 


myelitis virus 


refractory to infection by the 
same route with two strains each of type 
Il (Aveo k, MEF) and type Ii] (| eon, 
More 
over, asymptomatic infection with type 
Il or type II] 


various degrees of 


Farabaugh) poliomyelitis virus. 


virus seemed to confer 
protection against 


(Brun 


Paralysis could not be produced 


reinfection with 
hilde 
in spider monkeys by feeding type I or 
Col Sk 


spider monkeys to type 


type | 


virus 


virus The susceptibility ol 


| poliom yelitis 
the 


confirmed by results ob 


tained by 


virus 18 


Pizarro and Ramirez® with 
Mexican spider monkeys (Alfeles vellero 
sus). These observations were published 


independently and almost simultane 


ously in 1954, 


| he 


ol experiments designed to further stud: 


present paper presents a series 


the mechanism of this selective suscep 
tibility 


j lungeblut ( W and cle 
1454, Selective su 
keys to infection with Type 


I ( 
Atel mon 
I poliomyeliti 
and Col SK vir Proc, Soc. Exper. Biol. & 
Med. 86: 604-606 


Pizarro i ind 


Rod iiite he 


ceptibility of 


R imirez M 
tal de la poliomielitis a Atel 


Ciencia (Mexico), 14: 


1954, Tran 


misi6n experimer 
vellero Is 
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EXPERIMENTAL WORK 
Material and methods.—Spider mon- 
keys from Mexico, Panama and Colom- 
bia were used in this work; they were 
young animals weighing about 1 to 1.5 
kg. The strains of virus employed were: 
poliomyelitis type I (Brunhilde), polio- 
myelitis type Il (Aycock), poliomyelitis 
type III (Leon) and Col SK virus, The 
three stains of poliomyelitis virus were 
available as frozen rhesus passage cords; 
the 1Dygo end point of infectivity of these 
strains, as titrated in rhesus monkeys, 
was between 10~° and 10-7. The source 


of Col SK 
from paralyzed 


harvested 
nice: the TDso of the 


4 


virus was brain 


virus in mice was 10 
Experiment I.—This experiment deals 
the 


resistance of spider monkeys to infec 


with attempts to break down 
tion with type II or type III poliomyeli 
the 


A group of 6 spider 


tis virus by administration of 
corticosteroids. 
monkeys were given daily injections of 
10 mg cortisone for 5 successive days. 


Three 


intracerebrally 


inoculated 
107" 
suspension of type II virus, the other 3 


monkeys were then 


with 1 cc of a 


with the same dose of type II] virus. 
None of the this group 


showed any paralytic symptoms, where- 


animals in 


as 4 accompanying rhesus control mon 

keys (2 with type II, 2 with type III 

virus) all became paralyzed. 
Experiment I] 


possibility 


As a next step, the 
was considered that spider 
monkeys may fail to develop paralysis 
with type II or type III poliomyelitis 
virus because of their inability to form 
spinal variants from the intracerebrally 
Therefore, 4 
monkeys were infected with either type 
Il or type IT] 
inoculum directly into the lumbar cord. 
All 4 
paralytic symptoms 

Experiment ITT. the 


negative results of the first two experi- 


injected virus. spider 


placing the 


virus by 


monkeys survived without any 


Inasmuch as 


ments provided no answer to our prob 
lem, it was decided to trace the fate of 
type Ill 


virus in neural and extraneural tissues 


nonpathogenic poliom yelitis 
of spider monkeys following intracere- 
bral infection. For purpose of control, 
similar tests were carried out with spider 
monkeys infected with the pathogenic 
virus. In these 


type | experiments 


spiders were sacrificed at various inter- 
the 
brain site, the cord, the blood and the 


vals after infection and injected 
spleen were tested for the presence of 
active virus by intracerebral transfer of 
the ground tissue suspensions to rhesus 
monkeys. The results are given in table 
1. As will be seen, active type III virus 
could regularly be recovered from the 
injected brain hours, 
but 


tissues. 


sites up to 96 
the cord or extraneural 


the 


not from 


Because of strict confine- 
ment of the virus to the site of injection, 
it is not surprising that specific anti- 
bodies could not be demonstrated in the 
II 1-in- 
fected spiders, at early or late intervals. 


By 


recover free ty pe I virus from the brain 


serum of asymptomatic type 


contrast, it proved im possible to 


sites of infected spider monkeys up to 
the 4th Active 


could then be demonstrated, begining 


day. virus, however, 


with the 5th day, from both brain and 


cord when some infected spiders al 


PABLE 1 Recovery of non pathogenic (Leon) and 
of pathogenic (Brunhilde) virus from 


infected spider monkeys 


Interval) 
days 


Virus 
strain 


Brain 


site 


“on 
type Itt) 


Brunhilde 
type |) 


+, virus recovered, 
no virus recovered, 
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ready showed initial symptoms of paral- 
ysis. 

Comparing the two sets of observa- 
tions, one is led to the conclusion that in 
the case of the susceptible virus-host 
combination the virus is tightly bound 
by cell receptors during the entire incu- 
bation period and becomes released only 
at the symptomatic stage. A similar lag 
phase was found in earlier experiments 
on the survival of type II virus (Aycock 
strain) at the brain site of intracerebral- 
monkeys.® On the 


ly infected rhesus 


other hand, in the case of the insuscep 
the 


apparently remains as free as if it were 


tible virus-host combination virus 
deposited in a test tube for 4 days and 
the 
tissue. It seemed possible that the virus, 


at that 


then completely disappears from 


time, may be converted into a 


nonpathogenic but immunizing agent 


However, when rhesus monkeys were 


immunized with avirulent Leon spider 
brain sites, they failed to develop 
challenge resistance and no neutralizing 
antibodies could be detected in the 
serum. 
Experiment IV. 


periment is 


The following ex 
concerned further 


that 


with 
studies on the cross protection 
asymptomatic type III-infected spider 
against intra 


the 


monkeys may acquiré 


cerebral reinfection with 
geni 


groups of spider monkeys were injected 


patho 


type I virus. For this purpose 
intracerebrally with 0.5 ce of 10° type 
III virus and, at various intervals there 
after, were reinfected by the same route 


The 


results are brought together in table 2 


with 0.5 ce of type I virus 
It will be seen that 3 of 4 spiders rein 
fected the Ist 4th 


whereas 


between and day 


survived without symptoms, 


all of 5 spiders reinfected between the 


6. Jungeblut, C. W 
virus in the brain after intracerebral inocula 
tion of 
Proc. Soc 


1931, Fate of poliomyelitis 


monkeys 


I xper Biol. & Med 28: 1093-1096 


normal and convalescent 


105 

TABLE 2.,—Resistance of asymptomatic Leon- 

infected spider monkeys to reinfection with 
Brunhilde virus 


Result of Brunhilde reinf 


tracerebral 


5th and 25th day developed paralysis 
The the 


coincides with the actual persistence ol 


protection at early interval 


live type III virus in the brain; it is 
therefore perhaps best accounted for by 


in vivo interference between the two 


virus strains 


Experiment V.—In view of the results 


above, some experiments were finally 


run on in vitro interference between 


the several virus strains. In this work 


advantage was taken of the fact that the 
two species of monkeys rhesus and 
spider, possessed differential suscepti 


the 


virus 


bility for three types of 
Col SK 


words, whereas spider monkeys 


polio 


myelitis and virus. In 
other 
are paralyzed only by type 
and by Col 


rhesus monke ys are evenly susceptible 


| polio 


myelitis virus SK. virus, 


to all three types ol poliom ye litis virus 


but resist infection with Col SK virus 


Accordingly, mixtures consisting of 
equal parts of the pathogenic and non 
pathogenic strains 


were prepared in 


vitro. Within minutes after mixing, the 


combinations were then injected intra 
cerebrally, in 1 cc volume, into groups 


monkeys Ap 


propriate controls with singie 


of spider and rhesus 
virus in 
fection accompanied thes The 
in table 3. It will be 


seen that of the two spider-pathogeni 


tests 
results are given 
viruses, type | poliomyelitis virus was 
effectively interfered with by type III 
but not byt 
Col 


suppressed by either t 


ype II poliomyelitis virus, 
could not he 


pe I] on type II 


whereas SK virus 
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TABLE 3.—JInterference tests in spider and 


in rhesus monkeys. 


Infection 
with virus 
mixture 


Pathogenk 
etrain 


Nonpathogenic 


Controls 
etrain - . 


in spider monkeys 
Brunhilde type I Aycock Type Il 4/3 


Brunhilde 7 
Brunhilde type | Leon Type II! 0/10 


Ca SK 3 
Aycock O 
Col SK Leon 0 


Aycock Type Il 6/6 
Col SK 


Leon Type Ill 66 


In rhesus monkeys 
Brunhilde type | Col SK 0/2 
Aycock type Il Col SK 0/2 
Leon type Lil Col SK 4/4 


Brunhilde 2 
Aycock 

Leon 4 
Col SK 0 


Numerator: monkeys paralyzed 
Denominator: monkeys injected 


poliomyelitis virus. On the other hand, 
of the three rhesus-pathogenic strains 
of poliomyelitis virus, type I and type 
II virus were completely suppressed by 
Col SK virus whereas type III virus re- 
mained unaffected. 

The data offer confirmatory evidence 
of a definite interference system in spi- 
ders between type I and type III polio- 
myelitis virus, which had already been 
suggested by experiment IV. They also 
demonstrate unilateral interference ef- 
fects in rhesus monkeys between Col SK 
virus and type I and type II polio- 
That interfer- 
ence between Col SK and poliomyelitis 
virus 


myelitis virus. reverse 


could not be demonstrated in 
spiders may be due to the higher viru- 
lence of Col SK virus as compared with 
the several poliom yelitis viruses. How- 
ever, no final conclusion is possible on 
this point since our experiments were 


not run on a quantitative scale. 


DISCUSSION 


The 


paper are of interest because they dem- 


observations reported in this 
onstrate the existence in Ateles monkeys 
of a highly selective, nonimmunological 
mechanism of resistance against type II 
and type III poliomyelitis virus. The 
data also offer evidence to suggest that 
this natural resistance may be connected 
with the absence of type-specific cell 
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receptors in the central nervous system. 
Our findings are in essential agreement 
with results obtained by Kaplan’ with 
New World monkey, Cebus 
capucina; this species is considered as 
naturally 


another 
refractory to poliomyelitis 
passage virus, but may be susceptible to 
infection with 


tissue 


human fecal virus.*~" 
from 
capuchin kidneys not only failed to sup- 


port 


Thus, cultures prepared 


prototype virus multiplication 


Brurhilde; type II—Y SK; 


Leon) but the cells also failed 


(type I 
type III 
to adsorb measurable quantities of 
virus. Interestingly enough, when hu 
fecal 
passage virus, type I virus persisted in 
the tissue culture tubes 


man virus was used, instead of 
with little or 
no cytopathogenicity—but not type I! 
The total of 


observations, all of which 


or type III virus. sum 


these are 
concerned with the selective response of 
a given tissue to the three serological 
types of poliomyelitis virus, assumes 
additional significance in view of recent 
work by Silverberg, Habel and Shel- 


okov,” which reveals marked differences 


7. Kaplan, A. S. 1955, Comparison of suscepti 


ble and resistant cells to infection with polio 
myelitis virus. Ann. N. Y. Acad. Sc. 61: 830 
839. 

Flexner, S. and Lewis, P. A. 1910, Experi 
mental epidemic poliomyelitis in 
J. Exper. Med. 12: 227-255 
Kraus, R. and Kantor, L. 1917, Rev. d 
bact., Santiago de Chile, 1: 43-45 
Jungeblut, C. W. and Engle, E. T. 1932, On 


the property of certain normal animal sera 


monkeys 


Inst 


to neutralize the virus of poliomyelitis. Prox 

Soc. Exper. Biol. & Med. 29: 879-883 

Melnick, J. L. and Paul, J. R. 1943, Suscepti 

bility of Cebus capucina (South American 
ringtail monkey) and Cercopithecus cephus 
(African mustache monkey) to poliomyelitis 
virus. J. Exper. Med. 78: 273-283 

. Silverberg, R. J., Habel, K. and Shelokov, 
A. 1955, Relative pathogenicity of 
isolated strains of poliomyelitis for monkey 
kidney cells and mice. Proc. Soc. 
Biol. & Med. 90: 655-658. 


newly 


Exper 
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in the adaptability to mice of freshly 
isolated strains of type I, II and III 
virus. 

The reinfection and interference ex- 
periments throw new light on the ability 


of type III poliomyelitis virus to sup- 


press multiplication of type I virus in a 
suitable tissue environment. Our data 
show that such antagonistic effects in 
spider monkeys can be elicited equally 
well when the interfering viruses are 
injected seperately, albeit within cer 
tain time limits, as with in vitro pre 
pared mixtures. A broad reciprocal 
interference between all three types ol 
poliomyelitis virus, depending on time 
and dosage, has been reported by 
Ledinko and Melnick in tissue cultures 
of monkey testes.“ As far as the inter 

ference between Col SK virus and the 
several types of poliomyelitis virus in 
rhesus monkeys is concerned, our re 

sults are in harmony with earlier 
observations on the suppression ol type 
Il virus by Col SK virus;'*~"* suppres 


sion of type | however, has 


virus, 


hitherto not been realized. 


13. Ledinko, N 


ference 


and Melnick, J. L 


between 


1954, Inter 
poliomyelitis viruses in 
Med. 100: 247-267 
Sanders, M. 1940 


a murine strain of poliomyelitis 


tissue culture. J. Exper 
Jungeblut, C. W. and 
Studies of 
virus in cotton rats and white mice. J. Exper 
Med. 72: 407-436 

Jungeblut, Cc. W Sanders, M 


Studies in rodent poliomyelitis I 


and 1942, 
Further 
experiments with the murine strain of SK 
poliomyelitis virus. J. Exper. Med. 75: 611 
629 

Jungeblut, C. W 


Studies in 


and Sanders, M 
poliomyelitis. V 


1942, 
rodent Inter 
ference between murine and monkey polio 
Med. 76: 127-142 
1945, Studies in 


Further observations on 


myelitis virus. J. Exper 
Jungeblut, C. W. 
poliomyelitis. VI 


rodent 


interference between murine and simian 


SUMMARY AND CONCLUSIONS 
1. The 
Spider 


various 


selective susceptibility ol 


monkeys (Alfeles from 
South 


America to type I poliom yelitis virus is 


niger) 
parts of Central or 
confirmed. The nonimmunological re- 


sistance of these animals to infection 
with type Il and type III poliomyelitis 
virus could not be broken down by intra 
spinal injection of the virus or by corti 
sone administration 

2. Type III poliomyelitis virus was 
readily recoverable in active 


the 


iorm trom 


brain sites of intracerebrally in 


fected spider monkeys up to the 4th 
after inoculation. By 


day contrast, 


type | poliomyelitis virus could not 
be recovered during this interval under 


Chis 


natural 


conditions 


that the 


similar experimental 


observation suggests 
resistance of the spider monkey to type 
[II virus infection is connected with the 
absence of type-specific cell rec eptors 

3. Spider monkeys following asymp 
tomatic infection with type III polio 
myelitis virus may show a certain degree 
of resistance when challenged with type 
I virus. The protective effect appears to 
depend on survival of active type III 
virus at the site of injection and not on 
antibody action. 

4. In vitro prepared mixtures of the 
pathogenic type | and the nonpatho 
genic type III virus, when injected in 
tracerebrally into spider monkeys, failed 
to produce paralysis. This interference 


was not observed with mixtures con- 


sisting of type I and type II virus. 
strains uw poliomyelitis virus. J Med 

81: 275-294 

Verlinde, J. D Molron, J. M. 1954 


Mixed infection with type II poliomyelitis 


Exper 
and 


virus and Columbia SK group virus in man 
Ant. v. Leeuwenhoek, 20: 129-140 
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